Observations on the Umaria Marine Bed by Ahmad, F
To 
With the Author's compliments. 
OBSERVATIONS ON THE UMARIA MARINE BED. 
BY 
DR. F. AHMAD, M.SC., PH.D., 
Geologist, Geological Survey of India. 
'[FROM RECORDS OF THE GEOLOGICAL SURVEY 
OF INDIA, VOL. 84, PART 4.]' 
< * & 
'
c
*& 
»£Sfi S£CT1OK 
3^ » A74r>7 % 
Tz<?5X 
2 y S^P 1935 
OBSERVATIONS ON THE UMARIA MARINE BED. By 
F. AHMAD, M.SC, PH.D., Geologist, Geological Survey 
of India. 
ABSTRACT 
The importance of the Umaria Marine Bed to the palaeogeographic 
studies of India is pointed out. The geology of the area is briefly 
discussed and Gee's sections are quoted and compared with the section 
measured by the author and Prof. S. W. Carey. It is pointed out that 
although Gee stated that the Umaria fauna belongs to the Barakar Series, 
it, apparently, first appeared in the Talchir epoch, and should be consi-
dered to belong to that series. Gee suggested that there is an uncon-
formity between the Barakar and the Talchir beds, but the author 
considers that none exists. It is believed that the entire fossil bed 
belongs to the Talchir Series, which passes upward into the Barakar 
Series without any break. 
A world-wide eustatic change is known to have occurred in the 
early Permian Period, and it is suggested that the Umaria Bed was 
deposited as a tongue from a more extensive marine deposit, probably, to 
the south-east, at the time of this transgression. The glaciation is, under 
this view, considered to have ended in the lowest Permian Period. 
INTRODUCTION 
For anyone working on the palaeogeography of India, parti-
cularly of the Permo-Carboniferous Period, the marine bed in 
Umaria presents a problem that must be solved; yet it might 
be admitted that it appears to be a particularly difficult task. 
The bed is seen in a railway cutting some distance to the 
east of Narsarha nala, and about two miles to the west of the 
Umaria railway station. As it was feared that the bed, being 
of small extent, may be exhausted in a few years' time by in-
discriminate collecting, the author was deputed earlier this year 
to try to find its continuation and to make a fresh collection. 
Dr. S. W. Carey, Professor of Geology, University of Tasmania 
had expressed a desire to examine the bed and to take a collection, 
and the author timed his visit to coincide with that of the dis-
tinguished visitor. 
469 
5 GSI/54 6 
470 Records of the Geological Survey of India. [VOL. $4 
PREVIOUS LITERATURE 
The area was mapped by Hughes (6) in the eightees of the 
last century when extensive drilling was also carried out to 
prove the coal seams. But it was Sinor (8) who discovered the 
marine bed in 1921. This evoked sufficient scientific interest, 
and Fox visited the area soon after. Fermor (3), in the 
succeeding General Report of the Geological Survey of 
India, suggested that an arm of the sea must have connected it 
to the Tethys directly in the north; Gee (5) later re-mapped it 
and Cowper Reed (1) described the fauna. On stratigraphic 
ground Gee (see also 4) thought that the beds belonged to the 
lowest horizon of the Barakar Coal Measures, and that there was 
an unconformity between it and the Talchir Series underneath, 
while Cowper Reed expressed the opinion that the fauna was 
all specialised, but had Permo-Carboniferous affinities. 
GEOLOGY 
No systematic mapping was undertaken by the author, but 
certain observations, made during the short visit, appear to be 
interesting enough to be recorded. The geological formations 
met with in the Umaria coalfield include the following : 
4. Supra-Barakars. 
3. Barakar Coal Measures. 
2. Talchir Series. 
• Unconformity. 
1. Metamorphics. 
The fossil bed, according to Gee, unconformably overlies 
beds of the Talchir Series. Describing the latter in the 
Narsarha nala cutting, he states (Ibid. 403), " In the upper part 
of the section , , these splintery clays give place to 
yellow sandy varieties, showing definite stratifications, and dip-
ping south-east at 36°-38°. Resting on these beds with slight un-
conformity, are the gritty red clays with argillaceous limestone 
bands, which include the marine fossils, brachiopods and small 
gastropods. The latter beds comprise the base of the 
Barakars ". Later on he adds (Ibid. 405), " The lowest beds rest-
ing upon the uppermost yellow-brown, sandy clays of Talchirs, 
comprise argillaceous rocks of somewhat similar lithology to the 
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Talchir beds below; these strata, however, pass up quite gradu-
ally into sandy clays and sandstones of Barakar facies, whilst 
a slight, but quite definite unconformity appears to separate 
them from the Talchir rocks below', (italics mine). Gee has 
shown this unconformity in his ' Key to plate 38', (Reproduced 
here as Figure 1.) He shows the ' A', ' B ' and ' C' horizons to 
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continue, but the ' D ' bands are cut off by the unconformity on 
the right hand side. He measured two sections and these are 
given below: 
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(About 15' above the railway line) 
(A) 8". Soft yellow sandstones 
with small rounded peb-
bles and including a num-
ber of large brachiopods 
(Productus). 
12". Dull reddish and grey-
green clays. 
(B) \\". Yellow-brown soft sandy 
band with numerous large 
and small brachiopods 
(Productus and Spiri/er). 
8". Dull red and greenish 
clays. 
(C) 4"-5". Hard calcareous shell-
bed including similar 
brachiopods. 
9"-10". Red and green gritty 
clays including brachio-
pods at the base. 
4". Red and grey gritty 
clays. 
5". Hard grey calcareous 
gritty band with brachio-
pods at the base. 
5". Gritty clays. 
1". Calcareous grit band. 
(D) 12". Dull red and green 
gritty clays including 
brachiopods and numerous 
small gastropods at the 
base. 
1$". Hard grey calcareous grit. 
15". Dull red and green clays 
with gneissic boulders in-
cluding an occasional 
brachiopod (Productus.) 
2 "-4". Grey calcareous argil-
laceous band. 
(About 27' above the railway line) 
(A) 8". Sandy yellow-brown layer 
with small quartzite peb-
bles and large brachiopods 
(Productus). 
12". Dull red and drab grey 
clays. 
(B) 1". Thin band with few bra-
chiopods. 
9". Red and green clays. 
(C) 2". Hard calcareous brachio-
pod shell-band. 
2". Dull red and grey-green 
clays. 
1J". Grey calcareous gritty 
band. 
2". Gritty green clays. 
l i " . Grey calcareous band. 
2J". Grey green gritty clays. 
2". Grey calcareous band. 
2". Dull grey-green clays with 
pebbles. 
3". Hard calcareous band. 
(These lower strata continue to 
converge and die out up the 
slope). 
Soft yellow grey sandstones with Soft yellow grey sandstones with 
bands of yellow-green bands of yellow-green clays, 
clays. 
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3 feet. Dull green clays with hard calcareous band, and including 
gneissic pebbles; it thins out up the slope. 
Yellow sandy clays. 
The following section was measured by Prof. Carey and the author 
from the most prolific part of the exposure: 
I. 5 ft.—Dirty grey, crudely bedded silt bed with small pockets of 
fossils. 
II. 4 in.—Calcareous band, rich in fossils, but mostly fragile. 
3 in.—Shaly band, barren. 
III. 3 in.—Hard calcareous band, very rich in fossils. 
4J in.—Barren gritty band. 
IV. 3 in.—Calcareous band with fossils. 
1$ in.—Barren, shales, gritty near the top. 
V. 2 in.—Calcareous gritty band with gastropods. 
2 ft.—Barren grey green clay. 
3 in.—Barren calcareous band. 
10 ft.-—Dirty grey green and yellow sandy clays, etc. 
ERRATICS 
Gee's section from 15 feet above the railway line shows the 
presence of fossils in ' D ' bands, which, a reference to the plate 
will indicate, he placed in the Talchir Series. 
The same conclusion is arrived at by a simple measurement 
on his plate 38. The ' 15 ft. above the railway line' section must 
have been taken from somewhere about the point ' A ' in the 
above plate, as it is the richest part of the exposure, and is also 
the point from where the author's section was measured. Gee's 
section indicates that the fossils are contained in a total thick-
ness of about 7'-3" of the strata, while the author's measurements 
place them in about 8 ft. The agreement is, therefore, close 
enough. But if point ' A ' is 15 ft. above the railway line, below 
the bottom of the plate, 7'-3" of the section will include a good 
part of the beds below the unconformity, even after due allow-
ance is made for the distortion of the near objects in the photo-
graph. 
Thus, from his own account, it is clear that Gee placed the 
lowest part of the fossiliferous beds in the Talchir Series. It is 
hardly necessary to point out the established principle of strati-
graphy that the period of the first appearance of a fauna or flora 
is more important and significant, and Gee appears to have 
missed the significance of the above inference. 
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Moreover, he does not indicate what happens to the lower 
beds on the left hand side of the plate, though he admits that 
they are not seen on the opposite side of the railway line (Ibid. 
406); while ' A', ' B ' , and perhaps a part of ' C ' do continue. 
Lithologically there is no difference between his bands ' A' , 
' B ' , ' C ' and ' D ' on the one hand, and the yellow sandy clays 
and the matrix of the Talchir Boulder Bed below. The pebbles 
are present throughout the section. Nowhere else in the area, 
do the lower Barakar beds possess this character, and Gee, 
realising this, suggested (Ibid. 407) that, " The difference between 
the Talchir-Barakar deposits of the railway cutting and of those 
sections along the southern unfaulted boundary of the field is 
doubtless explained by the varying conditions of deposition in 
the two localities". He is of the opinion that "relative dis-
placement . . . caused the Upper Talchir rocks to be locally 
exposed to the erosive action of marine currents and so pro-
vided material of similar lithological character for the formation 
of Lower Barakar fossil bed ". 
But, even if it be accepted that no typical Barakar sediments 
that were being deposited all round, got into this tiny basin to 
produce a mixed or hybrid type of rock, it is a recognised fact 
that sediments formed by wave action are remarkable for their 
perfect sorting—they are unimodal—and almost ideal rounding 
of the constituent grains. Both of these features are definitely 
absent even from band ' A ' , and all evidence goes to suggest 
the continuation of the glacial conditions that were present 
shortly before. The ice cap had, perhaps, slightly receded and 
was discharging into a sea, and this accounts for all the differ-
ences seen in the section. 
But, these considerations apart, the author is convinced that 
no unconformity exists below the fossil bed, which almost cer-
tainly belongs to the Talchir Series. This fact became apparent 
to him as soon as he had the exposure stripped of all vegetation, 
and was communicated immediately to his colleagues. It was, 
consequently, very gratifying to note that later when Prof. Carey 
examined the section, he agreed that there was no unconformity 
present where Gee had shown it. 
The lower calcareous bands are distinctly lenticular, a point 
to which Gee also refers. Laterally they pass into shaly beds 
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which are not fossiliferous. It appears that an eustatic change 
in the level of the sea brought about an extensive transgression. 
As the transgression increased, the upper beds came to occupy 
larger and larger area. Horizons I and II in the author's section 
above are certainly more persistent, and can be seen on the 
opposite side of the railway line. They are present in Gee's 
section from 27 ft. above the railway line as well. It might be 
that, because he missed his ' D ' horizon in this higher section he 
concluded that there must be an unconformity ; or else, the con-
fusion might have been caused by the fact that he failed to recog-
nise a second fault, a few feet above the one shown by him in 
Plate 38. May be, it was only because he did not have the 
vegetation so completely removed as the author, at least his 
plates 37, 38 indicate this. 
Presumably the sea was present in the area even before the 
fossil beds were deposited, and the barren calcareous beds under-
neath are also of marine origin. The acme of the transgression 
was reached when band III (which corresponds to part of band 
' C of Gee) was deposited, and thereafter, a rapid regression 
took place. The fossils in band I are, apparently, in small 
vertical pockets. These, presumably, were carried over by waves 
and tides and left in sun-cracks formed on the muddy beach. 
A world-wide eustatic change in the sea level is known from 
the lowest part of the Permian Period. It affected extensive 
areas in Australia and S. America, and has been distinctly recog-
nised in such widely separated areas as Urals and Western Texas 
(2:140). It is suggested that it was this oscillation that brought 
the fauna here, and the Eurydesma and Conularia fauna to the 
Salt Range basin, soon after the glaciation. The entire evidence 
in India indicates that the movement of ice was, generally, from 
south to north (7:19). During its retreat the ice cap must, 
therefore, have released the Salt Range slightly earlier than the 
Central India. The transgression that appeared immediately 
after the glaciation in the Salt Range, appeared just before the 
end of it in Umaria. In the latter area it, most probably, came 
from the south-east. This is apparent from Gee's map of the 
geology of the area. 
Under this interpretation, though the Umaria Marine Bed is 
still considered to be of the lowest Permian age, the glaciation 
is supposed to have continued into the earlier part of this period 
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CONCLUSIONS 
The author believes that there is no evidence for an uncon-
formity between the Umaria Marine Bed and the distinct Talchir 
beds underneath. Instead he suggests that the fossils occur in 
the upper part of the latter. 
Further, the possibility that the transgression might have 
been produced by the world-wide eustatic change in the level 
of the sea at the beginning of the Permian Period is pointed out. 
Thus, though no change in the age of the fauna is suggested, the 
continuation of the glaciation till the earliest part of that Period 
is envisaged. 
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INTRODUCTION 
Just over 50 years ago, Oldham, Datta and Vredenburg (1901) surveying the 
Son Valley area, noticed a conglomerate in the Sidhi district, Vindhya Pradesh, which 
they described as an indurated boulder bed, comparable with the glacial boulder bed 
of Europe and the Talchir Series. In the very next sentence, however, they men-
tioned that there was "no other indication of glacial action", and so, not convinced 
they devoted only a short paragraph to its account and included it in what they 
called the "Transition Series". 
No geologist appears to have examined this area since, but during the last field-
season the author had an opportunity of investigating it with a view to determining 
its nature and origin. 
GEOLOGY 
The author, while working in Mirzapur district to the east of the area, has had 
the opportunity of examining in considerable detail this so-called 'Transition Series', 
which is now correlated with the Bijawar System. Unlike the type area, the forma-
•Read before the Society on 17-13-54. 
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tion here is a dirty green shak mostly isoclinally folded with vertical dips. In fact the 
shales are so uniform that iiLabsence of a marker bed no estimate of the thickness of the 
bedshas been possible. 
Only very locally beds of marble, banded hematite-quartzite and quartzite are 
included in the formation and occasional carbonaceous bed may perhaps be an evidence of 
life, but they do not contain any spores. The shales are, in places, extensively granitis-
ed, and intruded by dolerite dykes and quartz-veins of uncertain age. 
Though lithification is excellent, the shales are, otherwise, quite fresh, except 
where they have been affected by granitisation. 
T H E CONGLOMERATE 
The conglomerate was described by Oldham and others as a continuous band from 
Bannai (24°23', 82°26') to the east bank of Gopat, thus having a total length of about 
15 miles. The author has, however, examined only the western half of it. It crosses 
the Rewa-Singrauli Road near the 94th milestone, and perhaps the best section is 
exposed close by on the right bank of the Mohan (P'ig. 1.) 
The band appears to run without a break to a hill just to the north of Khursa 
(24°2i', 82°i6'). It is seen on the path to Khamaria on the east face of the hill, but/on 
its west face, and nowhere thereafter in that line. The beds, however, contain an occa-
sional cobble embedded in quartzite. 
About a mile further to the west-north-west, on the other hand, there is another 
band, similar in character, which continues westward. There is no evidence of faulting 
in the area, and it appears that these bands are exposed in the cores of isoclinally folded 
anticlines. This view gains support from the occurrence, about^ half a mile further to 
the north, of another exposure of the conglomerate in £ bed oiinaia. It is small, but 
otherwise of the same character, and is probably the same bed. It is not clear if these 
beds are in the cores of successive anticlines or there are others that intervene in between 
without exposing the 'conglomerate.' 
There are certain features in it, which are characteristic of a tillite; it has the extra-
ordinary range of size grades of a tillite. Fig. 2, shows this even though it does not 
include the biggest boulders seen in the field. These were up to 2\ ft. in diameter. On 
the bank of the Mohan actual counts were taken on two exposed surfaces, 16 and 10 sq. 
feet in area respectively and these are as follows : — 
16 sq. ft. 10 sq. ft. 
3 
9 
95 (Ptas) 
Von Engeln has pointed out that the characteristic form of a glacial boulder is a 
facetted and striated flat-iron. He adds that the boulders should be roughly triangular 
in shape, flat, smooth and striated on one face and humped on the opposite. Fig. 3 
shows the humped side of one, and such fragments are quite common. 
Boulders 
Cobbles 
Pebbles 
6 
18 
150 (plus) 
F . AHMAD VOL. XXVII, NOj 4 
F I G . I 
F I G . 2 
F . AHMAD VOL. XXVIT, NO.. 4 
FIG. 3 
L 
ZJS 
F I G . 4 
NO. 4 J AN ANCIENT TILL1TE IN CENTRAL INDIA 159 
Striated boulders are common, though not abundant Fig. 4) and the lines are 
usually faint. Facetted boulders are also present, though rare. (Fig. 5 shows a 
typical example from a mile east of the village Barki Matti. The absence of well 
striated fragments is, perhaps, not very surprising, for as is well known, striated frag-
ments are only common in the lower part of a tillite, while if the structure of the area, 
as here interpreted, is correct, it is only the uppermost part that is exposed. 
A considerable number of boulders are repeatedly fractured en echelon and some-
times show displacements of as much as a quarter inch on each of these fractures. In 
most cases these fractures cut right across the entire thickness of the fragments, but it 
is usually on the humped side, that the feature is seen at its best, while the opposite 
face is, almost always, partly or wholly, smoothed out. Figs. 3 and 4 show these 
features. It is apparent that this fracturing is either original or has been imparted 
during transit. It is however, considered that no other agent but a glacier could 
produce a differential erosion of the opposite faces. 
Similar fractured boulders have only rarely been reported, as from Nagenfluh 
(Kuenen, 1942, pp. 189-201). 
The composition of the rock fragments is not as varied as one would expect from a 
tillite. The fragments are all of quartzite, of several different types including a pink 
compact and a bluish-green types, one of which' appears to have pin-head sized pits on 
its surface, perhaps because the felspars have been weathered out: a ferruginous quar-
tzite, a felspathic quartzite often showing gneissose structure, and a coarse gritty type. 
Vein quartz is also present, and so the conglomerate or 'tillite' may be described as 
polymictic. The source of the fragments here is unknown, and in view of the presence 
of large expenses of granitic gneisses their absence is rather surprising. 
It is well known that well-eroded conglomerates contain only quartzite fragments 
(Pettijohn, 1949, pp. 53-58). It may accordingly, be imagined that the fragments pre-
sent here might be of a second cycle, uprooted by an advancing ice cap from a till 
deposited during an earlier retreat. Fragments, which were made of more easily decom-
posable rock were removed, while none were added from the basement formations. The 
sources of these inclusions, may, therefore, be very far away. 
The matrix of this tillite is clayey and it dominates over the inclusions, asia tillite 
would do. In fact, there is hardly any difference between the texture of the matrix and 
that of the overlying shales. It is green and clayey. Only near Khursa it is micaceous 
and slightly sandy. 
The author considers that the overlying shales are alt varves. They are exceedingly 
fine grained and under the microscope show angular grains of quartz in clayey matrix. 
In general they have all the appearance of varves. 
In the Mohan exposure a thickness of about 250 ft. was measured, but if, as has been 
sitggested above, the tillite occupies the core of the anticline, the real thickness may be 
less. On the other hand, the visible part may only be the narrow tip of a much thicker 
deposit. 
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Varves are not produced under marine conditions, and consequently, indicate fresh-
water environments. The perfect uniformity of character and the great extent of the ' 
shales seem to indicate that the deposit was formed by continental ice-cap, and not by 
valley glaciers. 
OTHER FORMATIONS 
Some distance to the north of this tillite there is a baud of conglomerate belonging 
presumably to the Jeongel Series with strike similar to that of the tillite and^ the varieties 
above : but their true relationship is not clear. 
About half a mile south of the tillite exposure in the Mohan, there is an uncharted 
exposure of the Talchir Tillite, the nearest Gondwana beds are about ten miles further 
south, and are separated by granite hills. This Talchir exposure overlies 'Bijawar Series 
shales (varvites) and an exposure of these has the characteristic roche moutonnees shape. 
Obviously no striations could be preserved on such a soft material and its true character 
is, therefore, doubtful. 
. It is from a few miles north of this area that Dubey has described the tillite (Dubey 
and Chowdhury, ibid.) from the basal beds of the Vindhyan System. I,aw (1954) holds 
the same opinion. There is, thus, evidence of three distinct periods of glaciation. 
CORRELATION 
On the existing evidence correlation seems to be a very difficult task. It might, 
however, be pointed out that Oldham (1887) reported a tillite from the Jaunsar Series 
in the Himalayas. It occurs considerably below the Blaini Boulder Bed, and might be 
correlated with this the Bijawar period of glaciation. The conjectural nature of this 
correlation is, however, obvious. 
In Australia distinct Cambrian tillites have recently been reported and may be 
equivalent to the Vindhyan Tillites. 
CONCLUSIONS 
The conglomerate suspected by Oldham and others to oe glacial appears to the 
author to be a tillite, on account of the unsorted nature of the deposit, the facetted and 
striated characters of the boulders and the exceedingly fine grained clayey texture of the 
matrix. The uniform greenish shales overlying the tillite as seen for scores of miles in 
all directions in the area are appear to be varvites. The true thickness of the tillite is 
not known, but may be more than 100 ft. 
Freshwater environments are indicated, by the extensive occurrence of varvite and 
a continental ice cap is suggested. It is considered as—possible that the tillite was formed 
during a second phase of glacial action, when the ice cap readvanced after a temporary 
retreat. 
A correlation with the Jaunsar Series Tillite is tentatively suggested. 
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EXPLANATION OF FIGURES 
Fig. 1. Tillite exposure on Mohan bank. 
Fig. 2. A general view from two miles to the east. 
Fig. 3 Fractures in a 'Flat-iron' type boulder. 
Fig. 4. A large inclusion. 
Fig 5. Fractured and striated boulder (actual size) 
Fig. 6. Facetted boulder. 
Reprinted from INDIAN MINING JOURNAL, January, 1958 6/2, Madan Street, Calcutta-13. 
Palaeogeographic Maps of the 
Gondwana Period 
F. AHMAD 
This paper uses isopach form lines to study the palaeogeography of India during the Gondwana period. 
It is obvious from the maps that the deposition of the Gondwana System was by no means limited 
within block-faulted basins but that the sediments have been preserved by subsequent block faulting. 
This new approach contradicts the hypothesis favoured by Fox and widely accepted today, 
and the maps produced here are completely different from his maps or the more recent maps of Jacob. 
P ALAEOGEOGRAPHIC study is one of the important objects of geological research, and is 
of immense use in man's search for mineral wealth. 
This is particularly true of oil exploration. Great 
stress is laid on accurate palaeographic maps of the 
oil basins and vast amounts of money are spent to 
obtain systematic information for such studies by 
bore holes that are not even expected to produce 
oil. 
In this country the earliest palaeogeographic 
maps were produced by Fox (1931). This dealt 
only with the Gondwana System. The modern 
technique of study by isopach lines was, however, 
not then fully developed. In recent years Jacob 
(1952) has produced the palaeogeographic map for 
the Lower Gondwana period, but has not used the 
modern technique and has not analysed the data 
in the light of modern advancements in knowledge. 
His map is therefore, almost a duplicate of Fox's 
map in approach and concept. 
The maps accompanying this paper present, 
however, a complete departure from the classical 
hypothesis. These maps form parts of two papers 
appearing shortly in the publication of the Geologi-
cal Survey of India. It is, therefore, not altogether 
desirable to discuss all the points that justify the 
radical changes in concept and it will suffice to say 
that this reconstruction supports the views express-
ed by Gee (1932, p. 84) when he remarked that 
"there is, however, no reason to suggest that this 
area of gradual subsidence and accompanying sedi-
mentation was limited by any tectonic structure— 
either rift faults or pronounced folds—as has been 
previously suggested. On the contrary, there is 
little doubt that the present tract of Gondwanas 
represents only a small portion of the original area 
Dr. F. AHMAD, 
Geological Survey of Tndia. 
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of Gondwana sedimentation and owes its preserva-
tion to the fact that it has been subsequently, 
faulted down within the Archaean land mass". 
Mallet (1874, p. 327) was, perhaps, nearer the truth 
when he envisaged the Gondwana deposits as 
extending from Darjeeling to Peninsular India, 
beneath the Gangetic alluvium.
 Al 
The technique employed here is the same^used 
by Eardey (1951) for his palaeogeographic maps of 
North America, but to the present author's know-
ledge, has not been used in this country so far. The 
maps represent the periods in the standard geolo-
gical time scale and do not conform to the sub-
divisions of the Gondwana System used in this 
country. This, it is believed, will enable closer 
comparison with the palaeogeographic maps of 
other countries. 
Thus the Talchir Series is placed in the Carbo-
niferous age, the Damuda Series is considered to 
be of Permian age, the Panchet and Mahadeva 
Series are regarded as of Triassic age, the Rajmahal 
and Jabalpur Series are assigned a Jurassic age and 
the Umia beds are included in the Cretaceous map. 
The map presented in Fig. 1 is an attempt to re-
construct isopaches, consistent with the recorded 
thickness and not confined by the fault basin 
theory. In some places there is a good deal of 
latitude as to how the lines should be drawn— 
especially in the marginal areas where the basin is 
supposed to have been shallow. However, such 
areas are of relatively little tectonic significance, for 
quite minor differential warping may appreciably 
alter the extent of the basin. But it is the area of 
the rapid and great subsidence and steep gradients 
across the isopachs which are tectonically signifi-
cant. The author has found that these areas stand 
out clearly and it is difficult to juggle the form-
lines to give a significantly different picture than that 
presented in the figure mentioned above. The only 
possible alternative is given as an inset and the reason 
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why the former has been preferred is that it shows 
a positive area in Orissa. Fox had recognised the 
presence of a ridge there in the Damuda period as 
he found younger Gondwana sediments lying 
directly on the gneisses in this area. In his honour, 
the author suggests, that it be called the "Fox 
Ridge". The two prominent cratons are here called 
the "Charnockia" and the "Aravalli Nucleus". 
The fact that Gee. Jowett and others, after their 
observations in the field, came to the conclusion 
that the basins of Gondwana sedimentation were 
not bounded by block'faults and that the faulting 
occurred later, does indicate that considerable field 
evidence is also available. This has been dis-
cussed in detail in the papers mentioned above. 
The salient points that this approach brings out. 
apart from the fact that the deposition was not in 
rift valleys, are that the Umaria Marine Bed had a 
connection to the south-east, and that the Vindhyan 
Range, apparently, did not exist as a mountain 
system at the time. 
The same technique has been followed for the 
Triassic. Jurassic and Cretaceous maps. With 
these younger formations, however, the number of 
reliable measured sections available decrease and 
the maps naturally suffer in details. 
The author is. therefore, convinced that an inter-
pretative mistake was committed by Fox and has 
gone into the text books. Thus Krishnan (1949.. 
p. 282) points out that the "main faults seem to 
have been formed simultaneously with the deposi-
tion in the basin". This mistake has been repeated 
in Jacob's interpretation. 
The idea behind publishing these maps at this 
stage is to invite suggestions. It is not here assum-
ed that these maps are the last word in palaeogeo-
graphic studies. As more work is done and more 
accurately measured sections are available, it may 
be necessary to make alterations, but it is very 
probable that most of these will only go to add to-
the details and the forms of the basins, particularly 
of the Permian basin for which adequate measured 
sections are available, will not materially change. 
A large amount of work is yet to be done in 
the Himalayan region. In an eugeosynclinal basin 
it is very probable that a large number of more or 
less isolated basins will appear as details are filled 
in and the present map is. naturally, very much 
generalised. 
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ABSTRACT 
The Gondwana System is the main coal bearing formation in India and con-
sequently a great deal of attention has been bestowed upon it. Fox attempted a palaeo -
geographic study of the period, but the present writer finds that the picture produced by 
him is not supported by the modern approach to stratigraphy and sedimentation. 
In the present paper an attempt is, accordingly, made, with the help of isopach 
form lines, to delineate the boundaries of the basin of sedimentation in Permian, Trias-
sic and Jurassic Periods. Fox's structural set-up of the basin is then studied and it is 
pointed out that many of the basic hypotheses advocated by him and others are not 
supported by available evidence. Thus, the author contends that the basin was not 
contemporaneously faulted, that the Vindhyan Ranges could not have been a mountain 
system at the time, that the ice cap was not centred on any of the hills, and so on. 
Instead, he is of the opinion that an ice cap, moving generally northward, covered a 
large part of the continent and peneplaned the area. At the end of the glaciation an 
extensive basin appeared in Peninsular India in which fresh water sediments were 
deposited and coal was formed. The faulting was subsequent and probably occurred 
in the Cretaceous Period. 
The author also points out that the present division of the Indian Gondwana 
System into a Lower and an Upper part is not scientifically justifiable. 
INTRODUCTION 
The Gondwana System is the main coal bearing formation in India, 
and consequently, a great deal of attention has been bestowed upon it. 
Scientifically, too, it is very important, and so the literature bearing 
directly or indirectly upon it is very extensive indeed. Amongst those 
who have made major contributions to the geology of the Gondwana 
System are Blanford, Medlicott, King, Hughes, Ball and others. But 
the great name in the geology of the Indian Gondwana System is that 
of Fox, who published a series of memoirs about 20 years ago. These 
volumes are a mine of information for all, and none of the major theories 
presented in these has, consequently, been challenged. 
To anyone who has gone into the writings of earlier workers it is 
surprising to see how many of the major theories, now usually attributed 
to Fox, have had their origin in the brains of the giants of the past century. 
This is particularly true of Blanford. Thus, Fox has maintained that 
the Gondwana sediments were deposited in block-faulted basins, and 
that the faulting continued throughout the period of deposition. The 
basic idea expressed by later writers has, therefore, been a repetition of 
what was said almost a hundred years ago, only it is being couched in 
more and more modern language and up-to-date terminology. 
Gee, Jowett and a few others have, however, on occasions, mildly 
suggested that the Gondwana System in India was not deposited in block-
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faulted basins, and that the faulting was subsequent, but they really did 
not advance any tangible arguments and failed to convince or to mould 
opinion. The latest contribution on the palaeogeography of these times 
is by Jacob in the Gondwanaland Symposium of the XIX Inter. Geol. 
Congress (Algiers). He suggests certain modifications to Fox's views, 
supplies some original information, particularly palaeobotanical, but 
otherwise retains the set up advocated by Fox. 
A complete bibliography, compiled a few years ago by the Geological 
Survey of India, covers several pages. A very large number of these 
publications had to be consulted to get reliable measured sections used 
in the maps in this paper, but the references at the end include only those 
actually referred to in the text. 
GEOLOGY 
The Gondwana System covers a vast expanse of time, from the Upper 
Carboniferous to the early Cretaceous Period, and has been subdivided 
into two parts, a Lower and an Upper. The major subdivisions are 
however: 
"Umia Beds . . . Cretaceous 
Jabalpur Series . .") 
> Jurassic 
Rajmahal Series . . J 
^Mahadeva Series . .""I 
"Disconformily ^-Triassic 
'Panchet Series . . J 
Damuda Series . . Permian 
Talchir Series . Upper Carboni-
ferous 
Unconformity 
This division into two was upheld and maintained by Krishnan (1949), 
and is based mainly on floral change above the Panchet Series, supported 
by the disconformity (? unconformity). Some authorities have, on the 
other hand, suggested a three-fold division in order to make it conform 
to the standard subdivisions of the Geological time scale, and this has 
been adopted by Wadia (1949). The point will be referred to later in 
this paper. 
The following brief descriptions are meant to make the reader more 
familiar—if he already is not—with these major divisions. 
The Talchir Series 
The Talchir Series is mainly a glacial formation comprising tiliites 
<w3>.shales, unconformably overlying the fundamental gneisses and 
Upper Gondwanas 
Epper Gondwanas . -I 
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schists. A striated platform, in the Pengunga Valley, is marked on 
Vindhyan limestones, and indicates that the flow of the ice was from 
S.S.W. to N.N.E. It would also indicate that at least in this part the 
Vindhyans were not standing as high mountains, for this platform was, 
very soon after, covered by younger formations and thus preserved. 
This general northward movement of the ice is confirmed by the Pokran 
(?) roche moutonnees in west Rajputana, and by the occurrence of certain 
boulders in the Salt Range tillites, which are said to be similar to rocks 
in situ in the Aravalli Mountains. 
The total thickness of the tillites does not exceed 100 feet, the overlying 
shales measure a maximum of about 900 feet, making a total of about 
1,000 feet. 
Indistinct leaf impressions are obtained only in the upper part of the 
Series, and identifiable species only in the top beds. 
In the Salt Range a marine bed and the Gangamopteris bed are sepa-
rated only by a few feet, and the former indicates a Permo-Carboniferous 
age. 
The well known Umaria Marine Bed in the heart of central India is 
believed to be the upper-most bed of these. It is an isolated outcrop, and 
consists only of a few 2 in. bands of limestone separated by red shales, 
which include thin beds of gypsum. The fauna was described by Cowper 
Reed (1928), who pronounced that all the species were new, and dimi-
nutive in size. He thought that it showed no affinity with that of Salt 
Range. Jacob {ibid.) has suggested that the pauperisation of the fauna 
was due to a large quantity of fresh-water being poured into the basin. 
The author, having examined the area, is of the opinion that barred basin 
conditions probably prevailed, and the fauna was, in consequence, 
stunted in size. Gee (1928) points out that in this area there is a 
distinct" unconformity between the Talchir Series and the Damuda 
Series but the present author (1956) has, in a recent paper disagreed 
with Gee, and suggested that the passage from the Talchir Series to 
the Damuda Series is normal and without any unconformity in the 
area. He has, further, stressed the point that the fossils occur in the 
Talchir Series, and, consequently, marine conditions existed in th« 
area at the time of the glaciation. Thomas (1954) considers this fauna 
to be Permian in age. In certain other areas, however, there is a distinct 
unconformity or disconformity below the Damuda Series, but in many 
others the passage is said to be perfectly conformable. 
The Damuda Series 
The Damuda Series are, economically, the most important part of 
the Gondwana System. They are divided into : 
3. Raniganj Coal Measures 
2. The Barren (Iron Stone) Measures 
1. Barakar Coal Measures. 
The Barakar Coal Measures—The Barakar Coal Measures carry some 
of the thickest coal seams in the world. A few of these mesures over a 
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hundred feet of almost solid coal, and many carry beds of clay underneath. 
The environments were entirely fresh-water, and plant fossils abound. 
The sandstones are generally white, carry a good proportion of fresh or 
partly decomposed felspars and are distinctly arkosic. Gangamopteris 
is the chief genus present though Glossopteris is present from the very 
beginning of the formation. 
The Barren Measures—No workable seams, as the very name indicates, 
occur in this formation and the sandstones are distinctly, ferruginous. 
In the Raniganj area some of the beds were actually worked for their 
iron content and used in a blast furnace. 
It is, by no means, indicated that warm conditions prevailed during 
the period and many authorities consider that actually it was a cool spell. 
Some of the shales are said to simulate those of the Talchir Series. 
But generally speaking the sandstones are sideritic, and the shales 
carbonaceous. 
The Raniganj Coal Measures—The Raniganj Coal Measures carry 
workable seams only in the Raniganj and Jharia Coalfields, i.e., in the 
eastern-most part of the basin. Further west the seams rapidly deteri-
orate in quality and thickness, so much so that west of Karanpura the 
Raniganj Coal Measures are generally not distinguishable from the 
Barren Measures. 
The Raniganj sandstones are distinctly finer grained and a buff to 
reddish colour predominates. The basin had apparently extended 
and this is also indicated by the extensive overlapping it shows. Climate 
was, probably, more seasonal. 
The flora is dominated by Glossopteris and G. retifera is characteristic, 
though it is not restricted to this age. 
The Panchet Series 
The Panchet Series consists, in general, of " Talchir like " greenish 
buff to yellowish brown sediments, both sandstones and shales, and a 
mild glaciation has sometimes been suggested. 
One of the main reasons for their inclusion in the Lower Gondwana 
System is the continuation of the typical Glossopteris flora, but, it might 
be pointed out, that in other parts of Gondwanaland, this has not been 
considered sufficient reason to abandon the standard time scale. Floral 
and faunal continuity is quite common across the time boundaries, 
which, after all, are only artificial. And neither this nor the sudden 
influxes of new floras or faunas call for the abandonment of world 
recognised terminology. Similar conditions prevailed in other continents 
of Gondwanaland, and nowhere has such a division been found neces-
sary. For the sake of uniformity alone it would be justified to abandon 
these unnecessary terms. The three-fold division is also uncalled for. 
If this principle is more generally adopted, perhaps, it would be 
necessary to introduce a new name for the Triassic-Lower Tertiary 
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formations of the Salt Range, in which the fauna shows no break, and 
a separate name will be needed for the much longer Spiti succession. 
Several species of Labyrinthodonta, Reptilia and Crustacea have 
been collected from Panchet and equivalent beds. The total thickness 
of the Panchet Series is said to range from 1,500 to 2,000 feet. Above 
this is a disconformity (perhaps a slight unconformity). 
The Mahadeva Series 
The Mahadeva Series is entirely devoid of carbonaceous matter 
though it is also of fresh water origin. The sandstones are hard and 
red, while brown, ferruginous shales, sometimes almost with a hematitic 
lustre, are common. The Tiki beds in Rewa have yielded a rich verte-
brate fauna. 
The Rajmahal Series 
In the type area, the Rajmahal Hill in Bengal, this Series consists 
of about 2,000 ft. of traps, including about 100 ft. of inter-trappean beds, 
which have yielded a rich fossil flora, considered to be of Jurassic age. 
The traps thicken towards the north, and it is presumed that the fissures 
were situated in that direction. 
Certain outliers of sandstones on the east coast are assigned to this 
age on floral affinity. 
The Jabalpur Series 
Strata belonging to the Jabalpur Series have been recognised at inter-
vals from near Umaria, westward along the southern side of the 
Narbada Valley. In the lower part it might be contemporaneous with 
the Rajmahal Series. It lies unconformably over the beds of the Maleri 
Stage and progressively overlaps on to older Gondwana rocks. 
The Umia Beds 
While fresh-water deposition was taking place in the Damodar Valley 
and other areas in the eastern part of Peninsular India a large part of Raj-
putana was, apparently, transgressed by the Jurassic sea, and deposits 
of this age exist in Jaisalmer and Bikaner. In Cutch 6,200 ft. of Jurassic 
beds, mostly marine, occur and the section is not complete as the base 
is not exposed. It is exceedingly rich in fossils and has been divided 
into four series : 
4. Umia Stage . . 3,000 ft. 
3. Katrol Stage . . 1,000 ft. 
2. Chari Stage . . 1,200 ft. 
1. Patcham Stage . . 1,000 ft. 
The top of this Series carries a fossil flora allied in some respects to 
that of the Upper Gondwana flora of other areas; It is, however, con-
sidered to be of Lower Cretaceous age. 
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The Gondwana System in India has, thus, been given a longer span 
than in any other continent. In the extra-Peninsular area largely marine 
conditions prevailed in the Assam-Spiti-Kashmir-Salt Range-Hazara 
area, and presumably continued on into Sind and Baluchistan. These 
are usually not included in the Gondwana System although the character-
istic fossil flora exists sporadically there as well, and the term "Gond-
wana" is almost exclusively reserved to the fresh-water formation of 
the Peninsula. In other parts of Gondwanaland such a restriction will 
not be tenable as freshwater and marine beds occur together extensively. 
Consequently the author considers, that this restricted use in this country 
is also not justified. The occurrence of the Umaria Marine Bed and 
the recent discovery of a marine fossil locality in the Hasdu River go 
only to emphasize this point of view. 
In this paper, however, the author reviews only the Peninsular forma-
tions although the maps show the extra-Peninsular basins as well. 
PALAEOGEOGRAPHY 
Plate 12 (Fig. 1) shows the present distribution of the Permian 
beds, and the inset is a reproduction of the Permian Palaeogeographic 
map according to Fox. 
The basic idea advocated by Fox was, as has been mentioned earlier, 
that the deposition was in block-faulted basins, i.e., the faulting was 
going on pari passu with the deposition, " the main faults seem to have 
been formed simultaneously with the deposition in the basin " (Krishnan 
1949 : 282). This is apparent from Fox's map, mentioned above. The 
author, however, considers that Fox did not take due note of certain 
important points, and even misinterpreted the available evidence. An 
attempt is here made to bring out certain evidence which is inconsistent 
with the theory of block faulted troughs. It should, however, be admit-
ted that much of this evidence—except where the author refers to his 
own observations—is taken from published works of Fox and other 
protagonists of the theory, and reflects great credit to their scientific 
approach. 
A block-faulted trough is something like a main road—with one 
way traffic—in a town, with blocks of flats on either side. At intervals 
there are narrower roads joining from either side. In nature the bed of 
the main basin is occupied by a large river, joined on either side by tri-
butaries of varying importance. In between these tributaries the land 
stands high and precipitous. These tributaries are usually very fast 
flowing and are very potent agents of erosion because every movement 
of the fault rejuvenates them, just as it takes the main stream a step 
further towards maturity. Thus, while these tributaries bring down 
very coarse material, the main stream is unable to deal with it. Where 
the tributaries debouch into the main valley, their load spreads out 
like a fan, almost like a delta, and deposit fanglomerates. Towards 
the centre, however, the material rapidly reduces in size. Thus in a 
block-faulted basin there should be a distinct gradation in sediments 
and it should be agglomeratic or conglomeratic along the margin. 
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If there are many tributaries, these fans will coalesce, but in any case 
this coarse material will continue all along the basin margin, with very 
little difference from one part to the other. On a small scale this is 
some times seen in hill streams, where the main stream is considerably 
deeper than the tributaries, and the latter, usually bring down 
coarser material. A careful observer in the field should even be able to 
locate these tributary channels by tracing these "fossil" fans of coarse 
material. Far from this being the case every field geologist has remarked 
about the perfect uniformity in the character of the deposits across the 
width of the basin. On the other hand, Fox (1931 : 39) was arguing 
against his own case when he remarked that "the conglomeratic bands 
become thicker, more frequent and contain larger sized pebbles the fur-
ther west we go from Raniganj to the Karanpura coalfield. This is espe-
cially true of the lower part of the Barakar Series In general the 
coal seams in the Damuda Valley field also deteriorate in quality in a 
west ward direction It also seems, speaking generally, that coal 
seams grade into shale more frequently in a westerly direction and 
the seams appear to split up towards the west ". 
The faulting in a basin imagined by Fox is bound to be intermittent, 
and he admits of it, in order to account for the thickness of the sediments. 
But with each renewal of the movement, the sediments along the margin 
would tend to be coarser. The dips in the Damodar Valley Coalfields 
are generally to the south, and the explanation is that the movement 
along the southern fault was greater than along the northern. While 
there is no doubt that this is correct, the result of contemporaneous 
faulting of this nature would be that the sediments on the south would 
be coarser on the whole, the conglomerates would be more common, 
boulders in them bigger, and less rounded. If the renewal of the move-
ment was oft-repeated there would perhaps be no sandstones or shale 
at all on this side of the basin, and perhaps no coal either. Field evidence 
and the above quotation from Fox, however, do not show this. 
Again, it has been recorded by various observers that the faults that 
cut across the beds die out on either side, and have been described as 
contemporaneous sag-faults. With such faults developing while the 
deposition was going on actively the sediments would tend to sort out, 
the fines shifting to the downthrow side of the fault. Not only this, 
but such a fault is bound to result in local unconformites on either side 
of the fault line, though for different reasons and consequently showing 
different features. On the downthrow side the faulting would, inevit-
ably, result in some tilting of the beds with dips generally away from the 
fault. When such beds are overlain by younger deposits there would 
be an unconformity. On the other, comparatively stable side, this 
faulting would start a cycle of contemporaneous erosion. This would 
result in a disconformity. Not only that these features are not present 
but it is common practice in the coalfields, on coming against a fault 
in the mine, to trace the continuation of the seam by merely working 
out which way the movement had taken place. This displacement of the 
respective beds, moreover, does not increase as older beds are penetrated. 
This uniformity of the sections on either side of the fault, so frequently 
530 Records of the Geological Survey of India [VOL. 86, 
used in coal mining would itself indicate that the faulting was post-
depositional, at least within the basin. 
All this may be negative evidence, yet the cumulative force of so 
many different lines of argument would have been sufficient, but Krishnan 
(ibid. : 282) has stated that" It is often seen that the stages or beds which 
appear to be perfectly conformable in the centre of the basin become 
unconformable near the faulted boundary ". Unfortunately Krishnan 
has not given the source of this information, but if correctly interpreted, 
it would be sufficient to prove that the faulting was contemporaneous. 
This has necessitated a more detailed examination of the available in-
formation. Thus, in innumerable localities unfaulted normal bounda-
ries, even in the type area of the Damodar Valley, are seen and these 
have no place in a basin controlled by faulting. Griesbach (1880,13), 
Ball (1878,69), Jowett (1925,143) and Gee (1932,101) have pointed them 
out. The last named of these authors has shown that the greater part 
of the northern boundary of the Raniganj coalfield is not faulted at all, 
although the southern boundary has been faulted down by over 9,000 ft. 
Yet there is no apparent decrease in the thickness and no change in the 
character of the sediments. 
Moreover, instances of gneisses occurring on the downthrow side of 
the fault and Gondwana sediments occurring on the upthrow side of 
the boundary fault are, by no means, rare, and the latter, at least have 
no place in a block faulted basin. 
Again, it might be pointed out that " many of the faults are not 
clear dislocations indicative of definite up and down movement of the 
rocks, but rather suggest a kind of twisting and skewing effect which 
has led to a more or less horizontal movement as well " (Jowett : ibid. : 
141). Fox (ibid. : 150) arrived at identical conclusions in Jharia and 
added " Along the north the Barakar coal seams appear as though the 
gneisses have been driven into them from the east... .To the west the 
gneisses again appear to have been forced into the Barakars ". 
Fox has, moreover, never tried to explain the occurrence of the Gond-
wana outliers outside his rift valley faults. The thickness in some of 
these is quite considerable, and yet there is no evidence of large 
scale boundary faulting. The boundary faults, naturally result in 
high dips close to them, which, with the sediments on the downthrow 
side, are always away from the fault. This rule does not hold for Sin-
grauli, an area with which the author is very familiar. There is, in this 
area, a gentle dip in the Barakar beds which is always towards the north, 
and the dips increase moderately close to the boundary. Sometimes 
a local anticline is noted, but even here the dips nearest the boundary 
continue to be towards it. No distinct faulting was noted either. Even 
drilling to the depth of over 300 feet failed to reveal any in an area of 
at least 15 sq. miles. Well over 1,500 feet of beds belonging to the 
Gondwana System are exposed here, and the thickness must have been 
much more. The area this field covers is quite considerable, and this is 
not the only outlier. 
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Finally, if the modern conceptions about the environmental control 
of the sediments are correct, one would expect that in a basin, so fre-
quently disturbed, and in which faulting aggregated several thousand 
feet, greywackes and sub-greywackes would be the predominant, if not 
the exclusive, type of sediments. In the Indian Gondwana, formations, 
greywackes are almost never present above the Talchir Series. And 
then, by far the most inexplicable part is the great similarity in the 
sediments deposited in the basins supposed to have been block-faulted 
and those distinctly outside these rift-faulted areas. There is absolutely 
no explanation unless it be presumed that the tectonic control in both 
was the same or very similar and this should be the death-knell to Fox's 
theory. The character of the sediments indicates that it was an intra-
cratonic basin in which faulting played a very insignificant, if any, part. 
This leads inevitably to the conclusion that the faulting was sub-
sequent, and was, perhaps, mainly responsible for the preservation of 
the beds. This idea is not new, and Gee was one of the few who adhered 
to it and did not agree with Fox. He remarked (1932, 84) that " there 
is, however, no reason to suggest that this area of gradual subsidence 
and accompanying sedimentation was limited by any tectonic structure— 
cither a rift fault or pronounced fold—as has been previously suggested. 
On the contrary, there is little doubt that the present tract of 
Gondwanas represents only a small portion of the original area of 
Gondwana sedimentation and owes its preservation to the fact that it has 
been subsequently faulted down within the Archaean land mass". He 
thought that " The major displacements, affecting as they do the Lower 
Gondwanas and Supra-Panchets alike, took place :.t a later date, probably 
during the Jurassic t ime" (ibid. : 85). Jowett (ibid. : 148) expressed very 
similar views when he stated " It seems very clear that the whole system of 
faults and folds is quite independent of the exist-Mice of coalfields, and 
that the latter which are only remnants of coalfields thai originally existed, 
owe their preservation to the former." And Mallet (1874, 324) was, 
perhaps, nearer the truth when he envisaged the Gondwana deposits 
to extend from Darjeeling to Peninsular India beneath the Ganges Valley 
alluvium. 
But apparently this small minority of authors had no evidence to 
advance in support of their views. They do not give any in their pub-
lished papers, and failed to convince those of the other school of thought 
VARIATION IN THICKNESS OF GONDWANA SEDIMENTS 
The significance of the thickness of the sediments in the different areas 
has not, in the past, been given due cognizance. It consistently decreases 
inland. Thus the total thickness of the Damuda Series (i.e.. the Permian 
beds) is 8,700 ft. in Raniganj, 5,900 ft. in Jharia, 3,200 ft. in Aurunga, 
2,700 ft. in Hutar, and about 1,500 ft. in Singrauli. Ramkola, lying 
between Hutar and Singrauli, has 3,700 ft. of Damuda beds, and appa-
rently represents a local embayment of the basin. From the other two 
east coast basins, unfortunately, measured sections are not available 
from abundant localities. In the Godavari basin, apparently, the Bara-
kar Stage is thinner, but the overlying Kamthi Stage is thick instead 
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Thus in Gandikamaram the total thickness is of the order of 7,300 ft., 
though in Kasipur it is only 3,500 ft. and decreases to 3,200 ft., some fifty 
miles further to the northwest. 
In the Satpura Basin the trend is slightly upset and the thicknesses 
increase towards the west, (2,350 ft. in Pench Valley and 4,500 ft. in Tawa 
Valley). 
The figures for these sections have been taken from the various publica-
tions of the Geological Survey of India, and should be reliable. One 
would, perhaps, wish to have more of these measured sections, but it needs 
no demonstration that it would be practically impossible to construct 
isopach form lines based on the available data to fit in with Fox's view 
of block faulted basins. Undoubtedly, there is in some places, a good 
deal of latitude as to how the lines should be drawn—especially in the 
marginal areas where the basin is supposed to have been shallow. 
However, such areas are of relatively little tectonic significance, for 
quite minor differential warping may appreciably alter the extent of 
the basin. On the other hand, it is the areas of rapid and great 
subsidence and steep gradient across the isopachs which are tectoni-
cally significant. These areas stand out clearly, and it is difficult to 
juggle the form lines to give a significantly different picture than that 
presented in Plate 12 (Fig. 2). A possible alternative is given as inset in 
Plate 12 (Fig. 2) and the reason why the former has been preferred is that it 
shows a positive area in Orissa. Fox had recognised the presence 
of a ridge there in the Damuda Period, as he found younger Gondwana 
sediments lying directly on the gneisses in this area. In his honour, the 
author suggests, that this positive be called the " Fox Ridge ". 
Returning to the point raised by Krishnan, referred to earlier, it 
might be pointed out that with a subsiding basin on one side and a rising 
positive area on the other an occasional disturbance, strong enough to 
cause a slight unconformity along the margins, is almost inevitable. 
Later, if the basin is faulted along this marginal zone and the sediments 
on the upthrow side are completely denuded away, it might appear that 
contemporaneous faulting was responsible for the unconformities. Even 
occasional faulting is not ruled out and the argument here is merely 
against block faulting as the main tectonic control in the basin. 
It is also believed by some that the deposition was in fresh-water 
lakes. The isopach maps do not suggest this either. 
It is, by no means claimed that this map is the last word in itself. As 
more work is done on modern lines, reliable data are collected, and more 
sections are available, it might be found necessary to shift the form line* 
here and there but, perhaps, not significantly. Perhaps a few more 
positive areas would appear within the basin, particularly if separate 
maps are made for Barakar Coal Measures, Barren Measures, and 
Raniganj Coal Measures. 
It might also be pointed out that although this study is primarily 
of scientific interest only, the technique here employed is likely to prove 
of immense economic importance as well. If an accurate map for the 
Barakar Coal Measures can be produced, it should prove to be a very 
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valuable guide in locating coal seams in the Trap covered area. In the 
oilfields of America the methods is widely used and has proved very 
successful. The author proposes to take this up as a subject for a sub-
sequent paper. 
THE VINDHYAN RANGE 
A very important point which the isopach form-lines, shown above, 
raise concerns the Vindhyan Range. The opinion of the Indian geo-
logists, as expressed by Wadia (1949, 93-4), is that they have remained a 
mountain range ever since their uplift in the Precambrian times. Else-
where (ibid. :128 ; see also 153) he gives a hypothetical section of the 
Gondwana formation with the Vindhyans standing as high mountains 
on one side. Krishnan (ibid. : 283-4) concurs. Both Fermor and Fox 
seek a deep narrow gorge across them to explain the Umaria Marine Beu, 
and Krishnan (ibid.) rejects the idea of a northerly connection of the 
Umaria Bed as this would mean that \he arm of the sea came right 
across the top of the Vindhyan Mountains " which remain an elevated 
land to this day ". 
Without going into the questionable arguments about the age of 
these beds, it should be stated without reservation, that the conception 
of the Vindhyans remaining a mountain system ever since the Precam-
brian times is certainly not tenable. For Precambrian rocks to exist 
as a mountain for such a long time, they would require a mantle of in-
comprehensible thickness. This mantle, too, would have to be Precam-
brian, if Wadia has correctly stated his case. Some boulders in the 
Talchir Tillites of the Peninsula are said to be similar to those now seen 
in the Vindhyans—this statement has never been substantiated by modern 
penological work—and one wonders what have the agents of erosion 
been doing if they have not succeeded in removing a couple of thousand 
feet of sandstones, quartzites and limestones during the last about 
200,000,000 years or so. Moreover, Vindhyans only show very gentle 
dips and have not been subjected to orogenic movement. They could, 
then, never have been a mountain system. 
This idea of the existence of Vindhyans as a high mountain was, 
apparently, born in the days of Blanford and Medlicott, when it was 
difficult to explain the existence of the tillites by any other conception, 
and the Talchirs were supposed to have been deposited by valley glaciers. 
No one today, however, believes that these were so formed, and an 
extensive ice cap was obviously present. The entire evidence, as has 
been pointed out earlier, goes to show that the ice flow was generally 
from south to north, and if there are boulders which can really be matched 
with the Vindhyan sandstones in the north, then these had their source 
in the southern Vindhyans which were being eroded at the time, perhaps 
from somewhere around the Pengunga striated platform. 
The author considers that there is no reason to believe that the Vin-
dhyans existed as a mountain system in the Gondwana Period, though 
he will concede the possibility, not the protability, of their having been 
a land surface after the preceding glacial epoch. The ice cap was Ukely 
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to have been sufficient to peneplane them. Recent work indicates that 
Vindhyan beds are of Cambrian age, and so, what the ice cap removed 
could have been any thing up to Devonian or Lower Carboniferous. 
Considered in the light of the above arguments there are only two 
possibilities for the Vindhyan Ranges. Either there was a geosyncline 
in the area in which deposition was more or less continuous, as in the 
Spiti-Kashmir area further north, or that they were raised in the early 
Palaeozoic Era and peneplaned by about the Upper Carboniferous time. 
In the Gondwana Period it might, then, again have become part of 
the basin of sedimentation. The author is inclined to the former 
possibility. In the Wardha Valley the Vindhyan strata are actually 
overlain by the Gondwana beds, and Hughes (1877, 12) thought that 
vVthere was no physical break between the former and the overlying 
Kamthis". This statement, however, appears to be in need of recheck-
ing before it is accepted. 
In any case, it appears to follow that the Vindhyan Ranges were 
raised in the post-Gondwana period. In view of their greater height 
they must have lost more of their thickness than the lower area further 
south, and this has been estimated to have lost over 12,000 ft. The 
waterfalls, gorges and rapids in the Narbada and other Peninsular rivers, 
as well as on the Vindhyan plateau itself in Mirzapur district (U. P.), 
all of which indicate uplift in the not distant past, stand a living contra-
diction to Wadia's [ibid. : 93-4) concept that Peninsular India has 
never suffered an uplift since the Vindhyan times in Precambrian Era. 
Though the isopachs in Plate 12 (Fig. 2) could have been crowded against 
the Vindhyan Ranges, these theoretical considerations have persuaded 
the author to let them cut right across the region. They do have a 
natural trend across the area, but only a moderate thickness has been 
presumed over them. Further on the isopachs run along the southern 
coast of the Tethys, and enclosing the Salt Range, go on to the west: 
POST-PERMIAN GONDWANA ROCKS 
Plate 13(Figs. 1,2) presents similar studies for the Triasic and Jurassic Peri 
ods respectively. Unfortunately less attention has been paid to these rocks 
by field geologists, as they are not economically important, and conse-
quently, reliable measured sections are scarce in the published literature. 
Much help was, however, taken from incomplete sections, though these 
had to be omitted from the maps. These maps are, therefore, some-
what speculative, yet they do strongly suggest that the basin was still 
not controlled by any structural feature, such as imagined by Fox. 
AGE OF FAULTING 
If the faulting was not contemporaneous, when did it take place ? 
Gee, quoted earlier, has expressed a belief that it was Jurassic. Jowett,-
{ibid. : 141) thought that it might be mid-Triassic, but the maps above, |5 | Plate/JBI, do not show this to be correct. Apparently it was post-
' Jurassic. 
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Large scale outpouring of lava is usually associated with block-faul-
ting, and if it is correct for this country too, the faulting might have 
taken place late in the Cietaceous Period. 
The dolerite dykes that cut through the Gondwana System 
admittedly, belong to two periods of igneous activity, the Jurassic, to 
which the Rajmahal Traps belong, and the Cietaceous-Eocene, when 
the Deccan Traps were poured out. On the above hypothesis, the former 
is older than the faults, the latter younger. In the Damodar Valley 
most of the faults are older than the dolerites, (Krishnan : ibid.: 282) 
whereas " the traps in the Rajmahal area are affected by the faults " 
(ibid.). And this, incidentally, also conveys the meaning that some of 
the faults in the Damodar Valley are even younger than the dolerites 
i.e., they might be post-Cretaceous. 
CONCLUSIONS 
The above study suggests that the basin in which the Gondwana 
sediments were deposited in India was not controlled by contemporaneous 
faults, i.e., it was not 'block or rift-faulted'. The author has demons-
trated that faulting was subsequent, but the crucial argument, and which 
to the author's mind, really clinches the issue is the isopach form-line 
map. An extensive intra-cratonic basin is distinctly indicated. The 
sorrounding positive area was, apparently, not very high, and the epeiro-
geny was not very strong, and consequently, conglomerates are rare. 
It is impossible to draw isopach form-lines to fit vwth Fox's conception 
of the basin, or even the alternuthe fresh-water lake theory. 
The faulting was late Cretaceous in age and was responsible for the 
preservation of the sediments. 
The terms 'Lower' and 'Upper' Gondwanas do not seem to be neces-
sary or justified, and it wcuid be more reas; liable to adopt th- standard 
time scale in referring to the different parts of the Gondwana System. 
On the other hand the definition of the Gondwai<a System should be 
extended to include the predominantly marine sediments of the extra-
Peninsula as well. This would also be in line with usage in the rest of 
Gondwanaland. If the term is restricted cxclusixely to fresh-water 
sediments, it cannot justifiably be applied to any country in the world, 
not even to India, where the Umaria Marine Bed and tin. Hasdu River 
Bed stand in the way. After all, sea might have been more extensive in 
Peninsular India during the Permian Period. 
As commonly occurs with great men, Fox's views have been a great 
influence on the minds of geologists in this country. They are given 
to them with the first lessons in geology, and their whole thinking is 
channellised. Once if they can break these shackles, and think inde-
pendently, it is believed that the problem would be solved very quickly. 
This paper merely aims at reopening the question. 
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ABSTRACT 
The present paper attempts to study the known records of glaciation 
from the earliest to the Tertiary in Gondwanaland. It is pointed out 
that the available faunal and floral evidence does not support the general-
ly held opinion that glaciation was contemporaneous over the whole 
globe or even in one hemisphere, nor is there any evidence to believe 
that refrigeration occurred at regular intervals. Evidence is, on the other 
hand, produced to suggest that the Gondwana glaciation shifted from 
one continent to another. It is pointed out that the known features 
can only be explained if the continents were at the time closer together, 
i.e.. they have since drifted apart. 
The known glacial records from the Devonian to the Triassic Periods 
are then placed on a reconstruction of Gondwanaland by Carey and it is 
demonstrated that glaciation was undoubtedly continuous throughout 
this long period of earth history, and the preservation of glacial record 
was a result of two factors, negative epeirogeny and drift. 
It is possible that the drifting of the two continents, Laurasia and 
Gondwanaland, occasionally brought them closer together and resulted in 
cosmopolitan flora and fauna. 
It is suggested that no reconstruction of Gondwanaland appears to 
be entirely satisfactory, but the author leans towards Carey's 1951 
assembly. 
INTRODUCTION 
As a problem, glaciation in geological times remains an open 
question. For a hundred years now geologists, meteorologists, 
geophysicists and others have been studying the phenomenon of 
the repetition of ice ages in the past and they seem to be no 
nearer to the solution than perhaps Agassiz was when he proved 
the extent of the Pleistocene glaciation. More than a score of 
theories to explain the possible causes of refrigeration have been 
propounded and criticised. There seems to be fair agreement 
on only one point, that the phenomenon has been repeated, 
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perhaps as many as four times (Brooks, 1950, p. 21). This, how-
ever, only means that there are definite records of glaciation 
from extensive, and perhaps, widely scattered areas, which 
are, more or less satisfactorily, assignable to these supposed 
periods of refrigeration. It might, nevertheless, be pointed out 
that some of these correlations are based on the vaguest possible 
evidence, and occasionally the age of a formation, devoid of 
fossils, is decided upon this evidence of a glaciation itself. 
An endeavour will be made in this paper to demonstrate 
that such correlations need not be depended upon, and even 
some of the more established correlations seem to be in need 
of revision and reinterpretation. 
PREVIOUS LITERATURE 
Although Agassiz appears to have been the first to produce 
unimpeachable evidence to show that Europe and North 
America had been covered, not very long ago, by an extensive 
ice cap, it was not until the discovery of the Upper Palaeozoic 
glaciation from the tropical parts of India, followed by similar 
discoveries from the three southern continents, that his work 
was accepted as sound. Blanford, who had earlier discovered 
the Permo-Carboniferous Talchir Tillites of India, appears 
again to have been the first to show that glaciation had occurred 
even before the Palaeozoic period, and thereafter the number 
of authors who have recorded glaciation in new localities or 
have criticised the evidence produced by others is very large 
The fact that not long ago even the Dwyka Tillite of South 
Africa was considered by some to have been a product of vol-
canic activity only goes to show how difficult the interpretation 
of the field evidence could be. Prominent amongst those who 
have studied the problem, or have suggested possible causes 
of refrigeration, are Blanford, David, Ruedemann, Manson, 
Schwartz, Antevs, Daly, De Geers, Sayles, Hobbs, and others. 
With the publication of Wegener's "Origin of Continents and 
Oceans" there came a notable change in the conception and 
treatment of the subject. Authors were quickly divided into 
two groups, those that favoured the 'Drift Hypothesis', and tried 
to explain the glaciation by a "juggling of the poles or the con-
tinents", and those who were against it and suggested increase 
in C02, a change in the sun's radiation or sunspots, an increase 
in volcanic dust in the atmosphere, a change in the radio-activity 
of the Earth's interior, etc., as possible causes of glaciation. Du 
Toit was a strong protagonist of the Drift Hypothesis, and has 
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expressed his views in two major publications, "Our Wandering 
Continents", and a "Geological Comparison of South America 
with South Africa" as well as in numerous articles. Seward 
and many palaeobotanists support these views, while Holmes, 
Joly, Watershoot van der Gracht, Wing Easton, Holland, Wind-
hausen and others distinctly leaned towards it. They were 
opposed by many an able geologist, including Gregory, Daly 
and Schuchert. Coleman made the subject his life's work and 
visited, perhaps, all the continents to examine the known records 
of glacial deposits. The difficulty and the baffling nature of 
the problem, however, made him accept defeat and to admit 
that his extensive research did not lead him any nearer to the 
solution ; and he had to content himself with the writing of a 
summary of observations and available information. 
Much work has been done since Coleman's monumental 
work, "Ice Ages, Recent and Ancient", was published in 1926. 
The present paper summarises the information for Gondwana-
land and brings the evidence to bear on the hypothesis of Con-
tinental Drift. Coleman himself attempted this in a short 
paper published in the Geographical Journal in March 1932, 
and came to the conclusion that the available evidence did not 
support Wegener. 
CRITERIA FOR RECOGNITION OF GLACIAL DEPOSITS 
The chances of a glacial deposit being preserved with all 
its characteristic features are usually not very good, as a typical 
tillite is formed only on land. Over and above this, many 
ancient tillites have, undoubtedly, been so altered by metamor-
phism that they cannot to-day be recognised with certainly. It 
is, therefore, a credit to field geologists that so many occurrences 
have been identified and described-
The criteria usually employed in the field for the recogni-
tion of glacial deposits are many and it might be useful here 
to enumerate some of the most important of these, particular 
attention being paid to those used for distinguishing between 
deposits formed by valley glaciers and land ice. Pettijohn 
(1949 ; p. 221) gives a useful summary. 
Perhaps the most distinguishing feature of a tillite is the 
unsorted, nonbedded character of the deposit. In a waterborne 
conglomerate the usual matrix is sandy or gritty, and this surf-
ing is improved if the deposit is wirked upon by waves 
(Twenhofel, 1947, pp. 119-128). In a tillite, on the other hand, 
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the matrix is usually very fine and silty, and very often varie-
gated, with bright colours predominating. The range in the 
size of the boulders is very large and boulders up to 20 ft. or 
more across are not uncommonly reported. Very often the 
boulders are of great variety, and some may be foreign to the 
region. Striations on the boulders and facetting are distinctive 
and are usually regarded as confirmatory. Their absence, on the 
other hand, does not necessarily mean that the deposit is not of 
glacial origin. Striated pavements and roche moutonnees are, 
however, definite evidence, and unlike striated boulders, they 
cannot, it is believed, be simulated by any other agency. Unfor-
tunately they are not as common as a student of glacial deposits 
would wish them to be, and they do not occur if the deposition 
had been under water or if the flow of ice was on soft material. 
When a formation, otherwise distinctly glacial in origin, 
shows definite signs of bedding, the usual conclusion is that 
the deposit is fluvio-glacial in origin, or if the erratics are com-
paratively few, the presence of ice-bergs might be suspected. 
Varves are characteristically thin bedded, with distinct sea-
sonal bandings of coarse and fine material. Sometimes varves, 
too, are variegated, but an olive green colour often predominates 
because of the presence of incompletely oxidised iron. Under 
the microscope the grains are angular, and a wide disparity in 
size may be noticeable in the thin section as well. Minerals 
that are easily decomposed under the modes of deposition are 
often left quite fresh. In modern terminology most varved 
sediments or varvites would, probably, be classified as fine grey-
wackes, or arkoses. Varves are characteristically fresh water 
deposits .and are not formed in saline or brackish water 
(Coleman, tfesfl., p. 134). 
The above description applies equally to the deposits formed 
by valley glaciers as well as those formed by ice caps. Whereas 
the deposits formed by the latter are usually very extensive the 
chances of those deposited by valley glaciers being preserved 
with all their characteristic features are very remote indeed. If 
certain of the boulders are identified with deposits occurring 
in situ at a distance of a hundred miles or so away, presence of 
an ice cap is usually safely concluded. Another feature of an ice 
cap, and this is almost an infallible criterion, is that it is capable 
of descending to low levels, and may discharge its load directly 
into the sea. Thus, if marine fossils occur in association with 
undoubted glacial sediments, an ice cap can be safely concluded 
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The occurrence of a rare erratic in association with marine fauna 
may, however, indicate, as has been mentioned above, the 
presence only of ice bergs. Ice bergs can carry their load to 
great distances and recent investigations indicate that they 
follow certain definite routes. Those from Greenland are said 
to be depositing erratics as far south as the latitude of New 
York. 
Another point which, the author considers, should be taken 
as a rule, if there can be one"W geology, is that if a tillite is 
conformable over older beds, it should be taken to prove that 
the deposit was formed under water below a floating ice sheet, 
for, had the area been covered by land ice, even very temporari-
ly, the erosional activity of the ice itself would, inevitably, 
have produced a disconformity. Such a body of water could 
only be the sea, or, perhaps, a very big lake. 
It is usually believed that an ice cap forms terminal moraines 
only when it is receding. The author, however, considers that 
this general statement, while correct, needs qualification. The 
ice cap deposits its load even while it is growing, but if this 
loose morainic material is on land, it is, when later covered 
by the cap, quickly eroded away. Thus, on land the only 
moraines preserved are those deposited while the glaciers are 
receding. But this need not be for material deposited in sea 
where the body of the water is an effective protection in itself. 
Under such circumstances a growing ice cap leaves a more or 
less ill sorted deposit, while the overlying beds carry only erra-
tics. The retreating ice cap, later on, leaves another typical 
deposit and thereafter ice bergs may continue to deposit erratics. 
A bed of coal, or carbonaceous matter, occurring between two 
tills, as in Santa Catarina, Parana and Sao Paulo, Brazil, is, 
however, distinct evidence of an interglacial recession of ice cap, 
and marks the deposits out from glacial beds deposited under 
water by a growing and receding ice cap. 
In the pages th;;t follow these criteria are referred to 
frequently. 
PRECAMBRIAN GLACIATIONS 
The Chuos Tillite (S. W. Africa).—Perhaps the oldest recog-
nised deposit "for which no other explanation than glacial 
activity is reasonably possible" (Koch and Gevers, 1932, p. 115) 
comes from the districts of Windhoek and Rehoboth in S. W. 
Africa, and was discovered in 1931 (Gevers, 1931, pp. 1-18). The 
area it is reported to cover is 20,000 sq. miles and may be more. 
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Koch and Gevers consider that the deposits are, "in pert 
marine sediments, into some of which facetted boulders and 
pebbles appear to have been dropped from floating ice". Fur-
ther on, however, they describe what they consider to be 
''typical varves". Boulders range up to three feet in diameter> 
and some of these show " distinct shallow grooves " (ibid.). The 
deposit is more continuous and thicker to the north-west, and 
is reported to attain a thickness of 1,500 ft. at Chuosforte. This 
estimate, apparently, does not include the varves and other 
associated beds which are over 3,000 ft. in thickness. Gevers 
considers these deposits to be Keewatin in age. 
A consideration of the above evidence very distinctly 
indicates that the Chuos Tillite was formed by ground ice, i.e., 
an ice cap. The extensive area covered by it—and the area 
might originally have been much more, and there might still 
be outliers, particularly in the desert area to the east—and the 
association of marine sediments leave no doubt about the agency 
that deposited these rocks. 
It has been suggested that the ice cap was located somewhere 
to the north-west, the region that is now occupied by the 
Atlantic Ocean. 
Kaldurga Conglomerate (S. India).—The Kaldurga Conglo-
merate from Mysore has been the subject of a long drawn con-
troversy about its origin. Originally discovered by Bruce Foote 
in 1882, it was considered by him to be of sedimentary origin. 
But in 1915, Smeeth suggested that the conglomerate was auto-
clastic and thus raised, what he himself later on described, ' a 
hornets nest'. In 1936, Pichamuthu brought the controversy to 
rest by a detailed study of the bed and confirmed that it was 
of sedimentary origin. 
Foote had described it as a " great outcrop of extraordinary 
conglomerate of extreme coarseness. The pebbles often 
approaching in size to small boulders, consist of granite, gene-
rally cemented together in a foliated chloritic matrix". Rama 
Rao (1940, p. 30) stated that "the boulders are abnormally large 
some standing vertical to the plane of foliation of the bedding" 
and further on stresses " the absence of signs of clear sorting 
or stratification". Pichamuthu (ibid., p. 265) stated that "the 
conglomerates contain pebbles of various sizes. In some cases 
they are as much as 12 to 18 inches in diameter, and they grade 
down into very small sizes in the pebbly grits. In certain areas 
pebbles are abundant, and in others, their occurrences are 
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sporadic The pebbles are of various shapes and polishing. 
Oval and rounded pebbles are of frequent occurrences". His 
plate XXIII which is a photograph of a hand specimen of the 
conglomerate, does net. however, show the rounding to be any-
thing like prominent even though the pebbles in it are of small 
size. The pebbles are said to be of a large variety of reck types 
.and not all of them are considered to be of local origin. The 
matrix, as described above, is a fine grained schistose rock. 
Although Coleman (1926, p. 239) had suggested that these 
conglomerates could be of glacial origin, Pichamuthu, apparent-
ly, did not even take this possibility into consideration. Still 
it will be admitted that the agency of ice cannot altogether 
be ruled out, even on the basis of the descriptions given above. 
That the conglomerate has been altered by metamorphism and 
faulting is fairly clear, and so the possibility of finding distinct 
striation marks on the boulders or on pavement rocks is very 
remote indeed. The age of this conglomerate may be Huronian 
(Rama Rao, 1934). 
The "Breccia conglomerate" described by Jones (1934, p. 205) 
could also be of the same origin, though its correlation with the 
Kaldurga conglomerate is, by no means, established. 
Kalgoorlie Series (W. Australia).—In the Kalgoorlie Series, "in 
some places, where the boulders are angular, unsorted and 
unstratified, the impression of an ancient glacial tillite is given" 
(David, 1950, p. 12). 
Government Reef Series Glacials (S. Africa).—Du Toit 
(1936, p. 69) stated that, "East of the town of Heidelberg there 
are occasional lenses of an uncommon blue grit, and one of these 
just below the equivalent of 'West Rand Shales' carries boulders 
of various rocks, some of which are glacially striated so that 
the rock has the character of a tillite. This horizon has been 
located on the Rand at Roodepoort and Witpoortje and is seem-
ingly present to the south-west of Randfontein. Observed by 
Rogers a little to the west of Buffelsdoorn Mine near Klerksdorp, 
further work has shown the presence of two tillites, each less 
than 100 ft. usually on horizons at least 600 ft. apart. The 
boulders in these various glacials range up to a foot in length 
and include quartzites, lavas, and jaspers of various kinds. 
Glacial and fluvio-glacial action has been detected at various 
horizons, and may be wider spread than currently thought". 
Thoughlf the evidence is not complete, it seems to be well in 
favour of there having been an ice cap at the time in the area. 
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The known and possible extent of the deposit is, apparently, 
too large for valley glaciers to cover. 
The inclusions are comparatively small—actually smaller 
than those of Kaldurga—but the striations practically rule out the 
possibility of any other origin-. 
Chilpi Ghat Conglomerate (Central India).—The basal conglo-
merate of the Chilpi Ghat Series is highly suggestive of a tillite. 
The boulders range up to 3 ft. or more in diameter and are un-
sbrted. Some have the typical flat-iron shape. Fermor (1936. 
p. 310) has quoted Bose as saying that these reminded him of the 
Talchir beds, "explained by the action of ground ice". He also 
states that King has described it as "a thick and strong band of 
hard, but irregularly bedded, extremely coarse and heavy conglo-
merate This band is closely packed but very obscurely 
bedded mass of well-rounded, sub-angular and angular fragments 
of various kinds . . . . through which are scattered small pebbles 
and rounded masses of white felspar". A more graphic descrip-
tion of a tillite is hard to find. 
The whole formation has, however, been granitised and many 
of the features have, therefore, been destroyed. The boulders 
can often be distinguished from the matrix only by a change 
in the texture, the former being usually coarser. 
The area carrying the large boulders is small, but the forma-
tion is quite extensive. The overlying finer sediments simulate 
varvites. There is, obviously, a case here for closer re-examina-
tion. 1'he area of the deposit suggests an agency more extensive 
than valley glaciers. 
The age and correlation of the formation are not specifically 
fixed, but it is certainly older than the Vindhyan System. 
Bijawar Series Tillite (Central India).—The tillite from this 
series has been known since 1901 when Oldham et al (1901, p. 132) 
reported a rock which "is in fact an indurated boulder clay, 
of structure similar to the glacier boulder clays of Europe and 
the Talchir boulder bed". The area described by these authors 
is comparatively small, but their visit was in connection with 
a regional survey and consequently rather hurried. 
Recently the author had had the opportunity of examining 
this tillite in considerable detail. It appears that the tillite is 
exposed in the cores of three isoclinal folds, and its original 
extent was apparently considerable. It is overlain by thin 
green shales which could be of glacial origin. The extent of 
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these shales may be of the order of 10,000 sq. miles or more. 
Distinct striated and facetted boulders were discovered from 
the bed and the maximum size of the boulders was found to be 
about 2 ft. in diameter (Ahmad, 1955 (a)). 
Originally these strongly folded beds must have occupied 
a much larger area and an extensive ice age is, accordingly, 
envisaged. Oldham thought that the Blaini Boulder Bed could 
belong to this age, but the present consensus of opinion does 
not favour this correlation. Haimanta System conglomerate is, 
however, a possible equivalent. 
Haimanta Conglomerate (Himalayas, India).—In the lowest 
division of the Haimanta System Greisbach (1891, p. 51) recog-
nised a very coarse conglomerate which merges upwards into 
a massive quartzite. The matrix is usually quartzitic, but he 
does not give any indication of the size of the inclusions nor 
whether the formation is massive or bedded. 
He, however, mentions that the conglomerate "in places 
strongly resembles a boulder bed" (ibid., p. 96), and it may 
relevantly be pointed out that the term boulder bed was then 
used for till or tillite. That the use is still not obsolete is 
suggested by the fact that Rice (1953, p. 51) points out that 
"boulder belt" indicates glacially formed beds. In a letter 
addressed to B. Willis (1907, pp. 40 et seq.) the then Director 
of the Geological Survey of India expressed the opinion that 
the conglomerate was, probably, not of glacial origin, mainly 
because the matrix is not clayey. The fallacy of this argument 
is manifest. There is no reason, apparently, to disagree with 
Greisbach when he compares it with a "boulder bed", and it 
could tentatively be regarded as a tillite. 
Krishnan (1949, p. 93) equates Haimanta System with the 
Cuddapah System of Peninsular India which is considered to 
have been the equivalent of the Bijawar Series of Central India. 
The tillite described above from the latter series, then, could 
have been coeval with the Haimanta Conglomerate. 
Kanowna Goldfield Conglomerate (W. Australia).—In the 
Kanowna Goldfield there is a series of conglomerates which, 
David (quoted by Sussmilch, 1941, p. 49) thinks, may be of 
fluvio-glacial origin, indicating the presence of an ice cap not 
very far away. This view, however, is not shared by all W. 
Australian geologists. 
Jaunsar Series Tillite (Himalayas, India).—Oldham (1887, 
pp. 156-7) has described a tillite from the Jaunsar Series in 
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the Himalayas, considerably below the Blaini Boulder Bed, and 
separated from it by unconformities. West (1928) later 
remapped the area, but stated that he formed no opinion about 
the origin of this bed. 
Its correlation is not known, but it could be the equivalent 
of the Vindhyan Tillites described below. 
Vindhyan Tillites (Central India).—In a recent paper 
Dubey and Chowdhury (1952) reported that the basal bed of 
the Vindhyan System shows characteristics of a glacial deposit. 
Later, however, Chowdhury (1953) amended the age and sug-
gested that it might belong to the Bijawar Series. He was 
supported in this view by Mathur (1954). The author has had 
the opportunity to examine the above locality (Gangau, C. 
India) in the company of Mr. K. Narain, and considers that it 
is of Vindhyan age (Ahmad, 1955 (b)). Apart from other lines of 
evidence advanced it is recalled that the tillite contains pebbles 
of red jasper, known in situ from the Bijawar Series. It cannot-
therefore, belong to that series, and must be younger. Law 
(1954) studied the basal bed of the Vindhyan System in the Son 
Valley and considers it to be glacial in origin. Dubey (in Dubey 
and Chowdhury, ibid.) had earlier suggested a glacial origin for 
the basal bed in this area too. 
The basal bed of the Vindhyan System is usually exposed 
as a narrow ribbon and consequently its original extent cannot 
be determined. In the eastern part of the Son Valley the hori-
zon is thought to be marine in character and an ice cap is, conse-
quently, envisaged to have been present in the area. 
Recently the author, in the company of Mr. G. C. Taylor (of 
the U.S.G.S. now on deputation with the Geological Survey of 
India) and Dr. B. P. Tewari (formerly of the Geological Survey 
of India) discovered a tillite forming the basal bed of the 
Kaimur Series near Pandava Falls, a few miles from Panna 
(Ahmad, 1955 (b)). They also considered that the Panna Shales 
(Rewa Series) overlying the diamond bearing conglomerate 
could be of glacial origin, and, possibly were varvites. There 
may, thus, be at least two distinct glacial horizons in the 
Vindhyan System. 
It may be significant that at Mt Grainger Goldfield, and 
also perhaps near Willouran Range, in Australia (David. 1950, 
pp. 62 & 65) two separate glacial horizons of the same approxi-
mate age have been noted. 
It may also be added that Blanford considered the Pokran 
Tillite in western Rajputana to have been overlain by Upper 
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Vindhyan sandstones, and these could have been coeval with 
the Pandava Falls Tillite mentioned above. 
Sturt Tillite (Australia).—This appears to be the oldest 
tillite in Australia about whose origin no one is in doubt. The 
type area is close to an active school of geology and, consequent-
ly, has received considerable attention and the details are well 
known. 
These tillites have been traced throughout the entire length 
of the Lofty and Flinders Ranges and also in the Willouran 
Range on to the Everard Range. Some doubtful tillites in 
Western Australia and in Queensland have also been correlated 
with these. Thus the area covered might have been almost half 
of the continent. 
Three well separated pulses of glaciation are noted. In Mt. 
Grainger, however, there occur two distinct tillites, separated 
by a thickness of 10,000 ft. of sediments. It is, therefore, not 
improbable that they belong to two distinct ice ages, and a 
parallel is known from the Vindhyan beds in India. The thick-
ness of the intervening beds in Mt. Grainger appears to be too 
great for an interglacial period. 
David (1950, p- 81) considers that the deposition was by land 
ice and not by ice-bergs. The presence of dolomite beds inter-
bedded with the tillite would suggest that perhaps the land 
was low and whenever the ice retreated the- sea encroached. 
Although no striated pavement has been discovered, many of 
the boulders have been traced to their source and the conclusion 
is that the ice moved from the south to the north, in a general 
way, "from elevated country lying well to the south In 
addition it was supplemented by glaciers nourished at points 
of some elevation lying north of the main gathering ground" 
(ibid., p. 82). 
These tillites belong to the Adelaide System and are consi-
dered to be Upper Precambrian in age. They lie some 20,000 ft. 
conformably below the fossiliferous Lower Cambrian lime-
stones. ' This and the fact that Precambrian glaciation is known 
from other parts of the world is all the evidence of their age. 
The thickness of the tillite ranges up to 1,500 ft. 
Nullagine Series Glacials (W. Australia).—At the base of the 
Nullagine Series there is a bed of coarse conglomerate, ranging 
up to 500 ft. in thickness which David thought, might be of 
fluvio-glacial origin. It is considered to be the equivalent of 
the Sturt Tillite, mentioned above, though no direct evidence is 
available, in support of this view. 
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Griquatown Tillite (S. Africa).—In the Transvaal System of 
S. Africa an undoubted glacial bed, known as the Griquatown 
Tillite, has been known since 1905. Boulders are distributed 
at random and irrespective of size in a variegated matrix, and 
many of them are striated and facetted. Good sections are said 
to be very rare, but the thickness is estimated to be only about 
100 ft- The sediments pass downward into bedded strata. The 
known outcrops cover 8,000 sq. miles, and Du Toit (1939, p. 132 > 
is of the opinion that " it must have had a very much wider 
distribution". He thinks that the glacial horizon in the Das-
poort group should also belong to the same formation. In some 
sections boulders up to 2 ft. in diameter are known. Tillites of 
this horizon are also reported from Griquatown West. 
Again^the indications are that the deposits were not formed 
by valley glaciers, and the evidence favours floating ice, as 
off Antarctic today. No striated platform has been found and 
the beds are said to be perfectly conformable over older strata. 
The increasing thickness of the beds towards the north would 
indicate that the source might have been in the south. Even 
allowing for the Cape orogenic compression this area could not 
have been within the reach of the glaciers from the Polar ice 
cap, unless conditions were exceptionally favourable, nor were 
the deposits apparently formed by ice-bergs. 
Numees Tillite (S. Africa).—A tillite which appears to 
occupy a very extensive area is known from the Upper Pre-
cambrian period in S. Africa, and described from such widely 
separated areas as Pretoria and the Congo Basin. Veatch (1935) 
has given a detailed description of this glaciation from the 
latter area and points out that it extended to at least 1°20' N. 
latitude. Glacial beds of the Karagwe System are known from 
the equivalent horizon in east Africa as well. This glaciation 
thus, had a known range in Africa from about 30° S. to beyond 
1° N. Veatch also demonstrates (ibid., p. 43) that whereas the 
direction of ice movement in South Africa is from the north, it is 
the other way round in the Congo Basin. He accordingly con-
cludes that the centre of the ice cap was to the north of the 
Tropic of Capricorn. 
The tillite is stated to reach a thickness of about 2,000 ft. 
in the Katanga region (Congo Valley), over 2,000 ft. in Rooiberg, 
and only 800 ft. in Namaqualand. The boulders range up to 8 ft. 
or over in diameter and striation marks are common. Several 
striated pavements are known from the Congo Basin. 
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Recent investigations indicate that there are indeed two 
distinct glacial horizons in the Nama System of S. W. Africa 
and many authorities believe that the Numees Tillites are the 
equivalent of the Griquatown Tillite, discussed above. 
An uppermost Precambrian age for this tillite has been well 
recognised and both David and Du Toit are agreed in their 
correlation with the Sturt Tillite of S. Australia, mentioned 
above. A distinct, extensive—both in space and time—ice age 
is, therefore, frequently suggested for this period, particularly 
because tillites of approximately this age are reported from 
China, the U.S.A., Siberia, and elsewhere. In the absence of 
palaeontological or radio-activity data it is not possible to judge 
the extent to which these correlations are sound. 
David (1950, p. 84) has pointed out that, "it is a striking 
coincidence that in Australia as in S. Africa and India, Upper 
Palaeozoic glacial beds are found in close proximity to—in 
places actually resting upon—Upper Pre-Cambrian tillites". 
He has, however, not specified to which tillite in India he is 
referring, but presumably it is to the Blaini Boulder Bed (Cole-
man, ibid., p. 221). The consensus of opinion in India, however, 
is that the Blaini Beds are Upper Palaeozoic, though this is 
by no means established. On the other hand there is distinct 
evidence to suggest that the Numees-Sturt Tillites were more or 
less coeval with the Vindhyan Tillites in India, and the Jaunsar 
Series Tillite might also be of this age. The point has been 
discussed in a separate paper included in this issue. 
What is, perhaps, very surprising, and may be significant, 
is the fact that the centre of glaciation in Africa, as will present-
ly be seen, appears to have been in almost exactly the same 
region—around the Tropic of Capricorn—during the Permo-
Carboniferous glaciation as well- Moreover, the associated beds 
have yielded diamonds in India, Australia and their presence 
is suspected in the Congo Basin as well (Veatch, 1935, p. 43). 
PALAEOZOIC GLACIATIONS 
Central Brazalian Tillite.—Du Toit has shown the presence 
of a doubtful "ancient tillite" in Brazil on his Figure 9 (1937, 
p. 76). Its details are not available. 
Zeehan Tillite (Tasmania, Australia).—These tillites were 
originally correlated to the Sturt Tillite, mentioned earlier, but 
current opinion favours a distinctly Cambrian age for them 
(Carey and Scott, 1952). A tillite considered to be of this 
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horizon has recently been reported from near Rosebury (Spry, 
1954), and that known from King Island might have been 
coeval. 
Elliston (1954) has, on the other, hand, reported a tillite from 
a slightly higher horizon from near Montezuma. 
Two distinct periods of glaciation are, therefore, known from 
"the early part of the Middle Cambrian and the Upper 
Middle Cambrian" (Spry, ibid.). This, then, appears to be the 
only known glaciation distinctly of Cambrian age. 
Cape System Tillite (S. Africa).—In the Cadarburg east of 
Clanwilliam, there is reported to be a tillite, about -100 ft. in 
thickness. Isolated outcrops are known from as far to the east 
as Zwartberg Pass. 
Du Toit (1939) considered that "the region supporting the 
glaciers was, as far as can be deduced, situated to the west 
and north-west". But he also points out that "Probably at first 
the deposits were largely fluvio-glacial, but later the area 
became submerged and the pebbles were dropped by floating 
ice into the fine slit". 
Obviously the deposits were formed by continental ice and 
the glaciation was Middle or Lower Devonian. 
Furnas-Guandacol Tillite (S. America).—Caster (1952) con-
siders that the Furnas Sandstones should be regarded as of 
glacial origin, and correlates them with known "extensive Upper 
Devonian (and possibly older) glacial beds in western 
Argentina" (ibid.). Elsewhere he mentions (ibid., p. 123) that 
"the Guandacol terrain is conspicuously glacial". 
The tillite known to underlie the Itaitube Series in lower 
Amazon may also be Devonian in age. It could have been this 
tillite that Du Toit (as mentioned earlier in this paper) has 
shown on his map as 'ancient tillite'. 
The entire evidence converges to show that the Furnas-
Guandacol beds were deposited by continental ice. 
San Juan Tillite (Argentina).—In the San Juan and Jachal 
area of the pre-Cordilleras of western Argentina there is distinct 
evidence of glaciation in the deposits. Du Toit (1927, pp. 28-36 
etc.) argued that it belonged to the Permo-Carboniferous 
glaciation, but Keidel and Harrington (1938, pp. 103-128) have 
produced evidence to show that of the three tillites present in 
the area the lowest belongs to Lower Carboniferous age, and 
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this inference, for the reasons given by these authors, appears 
to be justified. 
The matrix of the boulders is a greywacke, which also carries 
plant remains. The above authors (ibid, p. 122) conclude that 
"it is, therefore, permissible to suppose that the glaciers existed 
in the same region at the time of the deposition of the 
sediments". Marine sediments associated with the tillites 
confirm that continental ice formed these deposits. These 
authors also think that the younger series, "partly of glacial 
origin", as distinct from the above, represent the Permian 
glaciation in the area. 
Tupe Series Tillite (S. America).—Recent discoveries in 
Argentina prove extensive glaciation during the middle 
Carboniferous Period. "In the middle of the Tupe Series 
comes a massive ' greywacke ' or tillite, clearly of glacial origin '" 
(Caster, 1952, p. 125). About the age of the Tupe Series he 
mentions. " In the complete Tupe terrain, the Lower, Middle 
and lower Upper Carboniferous seem clearly represented" 
{ibid., p. 126). 
Barbosa (1952, p. 316) confirms this and adds that "there 
are really more than one glacial horizons in the Middle 
Carboniferous period, and that these are associated with marine 
fauna". He also points out that the pre-Gondwana Carboni-
ferous of Argentina is similar to that of New South Wales. 
Kuttung Tillite (E. Australia).—There appears to be no 
doubt that there was land ice in eastern Australia before the 
close of the Lower Carboniferous period. This 'Middle 
Carboniferous glaciation continued into the U. Kuttung Series 
and thereafter into the Permian, with milder climate intervening 
only temporarily. 
The occurrence of fluvio-glacial beds on this horizon in Silver 
Valley (17g° C) . whereas the Permian glaciation did not extend 
beyond about 22|°S. latitude, indicates that either the glacia-
tion was more severe during this period or else its centre was 
not located as far to the south. The tillites in Tasmania and 
Victoria are all, perhaps, of Permian age, and if Carboniferous 
glacial beds were deposited in these areas, they were com-
pletely eroded away before the Permian negative epeirogeny 
preserved the Gondwana tillite. 
The presence of a thin bed with reef corals, intervening in 
these glacial beds, indicates that temporarily, at least, the climate 
had become very mild. 
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Gondwana Glaciation 
The essential features of the Permo-Carboniferous glaciation 
are known to all students of geology, and it is not necessary to 
go into detailed descriptions of these. The brief resume here 
attempts to bring out certain of the rather less known features 
of this refrigeration. 
Australia.—This continent will be treated here in two sections, 
eastern and western. 
Eastern Australia.—The tillites of the Permo-Carboniferous 
formations appear scattered over a large number of localities. 
They have been studied in detail in the Bowen Basin (Queens-
land), the Hunter Valley (New South Wales), Bacchus Marsh 
and other Victorian localities, the Inman Valley (S. Australia) 
and in Tasmania, particularly Wynyard and Hobart. The most 
northerly occurrence is in the Bowen Basin, 22|° S. latitude, 
where only a single tillite has been observed and that too is 
probably fluvio-glacial in origin. 
South of this, the most interesting area is the well known 
Hunter Valley. A tillite occurs just below the Permian System, 
which begins with the Lochinvar Shales, and thereafter glacia-
tion continued concurrently with lava eruption. Higher up in 
the Adelaide-Rutherford Stages there are some erratics asso-
ciated with marine fossils. Gangamopteris occurs about 
2,000 ft. above the base of the formation. The third, and appa-
rently the strongest, glaciation occurred in the Upper Marine 
Series, and definite tillites are known from the Muree Stage. 
A striated pavement was discovered in the Upper Kuttung 
Series in this area some years ago and points to a S.S.E.-
N.N.W. direction of ice flow, but this could have belonged to 
the earlier glaciation. 
At Bacchus Marsh the tillites are overlain by Triassic forma-
tions and overlie pre-Permian rocks, The movement of ice 
here was almost from south to north. There is said to be a 
disconformity below the Triassic beds. 
Two striated pavements are known from the Inman Valley 
and indicate a movement from S. to N. and E. to W. but the 
general direction of ice flow is said to be W. 15°N. (David, 
1950, p. 304). The tillite overlies Precambrian rocks and is over-
lain by Tertiary basalts and sediments, thus indicating a period 
of post-glacial sedimentation and then denudation, before the 
basalts were poured out. 
In Tasmania glaciation seems to have been active through-
out the entire Permian Period. Sometimes the ice appears to 
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have been close to the island, and sometimes it appears to 
have receded away to the south-west. The entire evidence goes 
to show that the centre of glaciation was situated in that direc-
tion, and a striated pavement in Wynyard also indicates the 
same. Permian beds overlie Silurian and Devonian formations 
unconformably and are, in turn, overlain by Triassic beds with 
a disconformity. 
In parts of New South Wales, however, Permian beds are 
supposed to be perfectly conformable over the older formations, 
though David thought that an unconformity is, in places, 
discernible. 
Western Australia.—In W. Australia Permian beds are 
known from at least four different localities, the Collie Basin, 
the Irwin River Valley, the N. W. Basin, and the Desert Basin. 
Marine fauna exists throughout the entire thickness of the 
Permian, beginning from the lowest beds, and correlation is, 
therefore, comparatively easy. 
"A feature common to the succession in the Irwin River 
area, the N. W. Basin and the Desert Basin is the existence of 
glacial beds at the base, the unfossiliferous parts of which are 
regarded as Carboniferous, while the rest is placed as basal 
Permian " (David, 1951, p. 368). Five distinct glacial horizons, 
three of them major, have been recorded from the Permian 
beds of N. W. Basin by M. A. Condon (Personal communica-
tion), only two exist in the Desert Basin, while the Collie Basin 
has, so far, yielded only one. 
Though no striated pavement has been discovered, there is 
reason to believe that the flow of ice was from S.S.E. to N.N.W. 
Africa.—The Dwyka Series of S. Africa comprises a tillite at 
the base and an overlying Upper Shale formation. Du Toit, in 
a number of articles, has discussed the glacial phenomenon in 
this area in great detail, and the reader is referred to these for 
information. Veatch (1935) has equally ably treated the glacia-
tion in the Congo Valley. 
It appears that north of latitude 33 °S. the tillites overlie 
the gneisses with an unconformity, while to the south of that 
latitude the tillite is conformable (?) over the underlying 
shales. It has been concluded from various lines of argument 
that the tillite was deposited partly in a marginal sea. 
Gangamopteris cyclopteroides has, only on two occasion^, 
been found between the tillite and the underlying gneisses, and 
the genus has not been recorded from higher horizons. 
A number of striated pavements and roche moutonnees have 
been found and studied in details. The direction of ice flow 
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is, consequently, well known and Du Toit has shown that the 
centre of glaciation shifted from west to east. Towards the 
end its centre was, apparently, beyond the present coast of the 
continent and out in the Indian Ocean. Another peculiar fea-
ture of the glaciation here is that from quite an extensive area 
north of Zambezi no tillites are known. 
Veatch (ibid.) has shown that the ice flow in the Congo 
Basin was, on the other hand, from east and south-east to west 
and north-west. It is exceedingly significant that the fossil 
flora here, in places, does not, apparently, contain much 
Glossopteris even though "Gangamopteris has been found in 
great abundance in the glacial beds at Walikale" (Veatch, ibid., 
p. 152). 
The principle of determining the age of the formation from 
the relative abundance of the species of these two genera in 
India has been worked out in detail, and if the same principle 
is applicable here, it would be seen that the glaciation in the 
Congo Basin is older than that in South Africa, but younger 
than that of India where the flora makes its appearance well 
above the glacial beds. 
The northernmost glacial deposit known from the Congo 
Basin is in 2J° N. latitude. Veatch (ibid., p. 162) has concluded 
that the centre of glaciation was to the north of the Tropic of 
Capricorn. Du Toit has, on the other hand, concluded that the 
centre of glaciation in S. Africa appeared to have been to the 
south of the Tropic, and also that it shifted from west to east. 
Taking into consideration the differences in age between 
the Congo tillite and the S. African tillite, as mentioned above, 
it appears reasonable to conclude that the centre of glaciation 
moved from the east of Tanganyika in the Lower Permian 
period to somewhere in S. W. Africa, or even further west, and 
thence to Mozambique, perhaps in the uppermost Permian 
Period, when Gangamopteris had almost become extinct. There-
after the centre of glaciation, perhaps, even crossed over and 
was located in the ocean area to the east. 
India.—Tillites belonging to the Talchir Series are known from 
practically every locality from where Gondwana beds have been 
reported. It comprises a boulder bed, 50 to 100 ft. thick, over-
lain, in places, by typical varves and thin, soft, friable shales up 
to 800 ft. in thickness. It unconformably overlies the gneisses 
and other Precambrian rocks, and a striated pavement in Penin-
sular India, marked on Vindhyan limestones, indicates that the 
ice flow was S.S.W. to N.N.E. This is confirmed by the 
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occurrence of certain boulders in the tillite in the Salt Range 
which appear to have their source in Rajputana. 
Plant fossils have been found in the highest beds of the 
Talchir Series, and these are closely allied to those of the imme-
diately overlying beds of the Karharbari Stage. 
In the Salt Range a thin bed of tillite occurs above the 
Precambrian Salt Pseudomorph Bed. A Glossopteris-Ganga-
mopteris flora was recovered from about 25 ft. above the boulder 
bed. The same formation also yielded Eurydesma and Conul-
aria, and Waag^n considered it to be of Carboniferous age. It 
is known that both these genera continued well into the Perniian 
Period. 
In the Simla-Garhwal area a tillite, known as the Blaini 
Boulder Bed, is often assigned to this age, but it might be men-
tioned that this correlation "is a mere conjecture'" (Krishnan. 
1949, p. 325). The Bap Bed in western Rajputana is. apparently, 
equivalent to the Talchir, but the Pokran Tillite is. almost 
certainly, older, and as has been mentioned above, perhaps, of 
Vindhyan age. 
South America.—A basal tillite marks the Gondwana beds of 
S. America almost everywhere, from Minas Gaeras to Sierra de 
la Ventana. In Brazil, however, there is only one glacial bed, 
and it lies unconformably over ancient gneisses, but in western 
Argentina there are two tillites above the one mentioned as 
Lower Carboniferous earlier in this paper. Whereas the tillite 
in Brazil was. apparently, deposited on land as ground moraine, 
the Argentine tillites might represent the two phases of the 
progress and retreat of the ice cap. The ice flow was. apparently, 
from "a centre to the east of the present continent' ' (Coleman, 
1926, p. 172). 
The associated flora abounds in species of Glossopteris (White, 
1904) while it carries but one species of Gangamopteris. the long-
lived G. cyclopteroides. Compared with India the known species 
of the former and the presence of only one species of the lat ter 
would indicate a horizon equivalent to the Barren Measures or 
the Raniganj Coal Measures, i.e., a Middle to Upper Permian age. 
rather than the earlier Barakar. 
But it also carries species of Neuropteridium (Gondwanidium). 
This genus in India occurs only in the Karharbari beds, and 
in S Africa in the Ecca Series. In Australia, however, it appears 
to be present in both the Coal Measures. Thus it appears to be 
confined to areas that had been glaciated very shortly before, 
and it might be offered as a possible solution that the controlling 
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factor was, perhaps, environmental and not, evolutionary. In 
India Neuropteridium is often regarded as characteristic and 
even diagnostic of age. For local use it may be infallible, but 
in view of its distribution in other countries, it is doubtful if 
much reliance can be placed on it. 
Falkland Islands.—Beds of the Lafonian Series, very similar 
in character to those of Argentina, and carrying a single glacial 
formation at the base, lie unconformably over the Devonian 
rocks in these islands. A striated platform indicates that the ice 
flow was from N. to S., though Baker thought that it was from 
S. to N. The flora is similar to that of S. America. 
Comparing the age of these S. American-Falkland Islands 
beds, as indicated by the flora, with that of the African forma-
tions, it will be seen that these were, apparently, younger than 
that of the Congo Valley where Gangamopteris occurs in abun-
dance, but older than that of S. Africa, where the genus is found 
only in the lowest beds and is absent from higher horizons. Even 
the two sub-species of G. cyclopteroides, known from the S. 
American beds, had disappeared by the time the glaciation 
reached S. Africa. 
Antarctica.—Not much is known about the geology of this 
vast continent, but Glossopteris indica has been found in the 
Beacon Sandstone, which has been examined in fair detail, in 
Eastern Antarctica. This species was also recovered from 
glaciers originating within 5° of the Pole. It is significant that 
no tillite has been recorded from the Beacon Sandstone which is 
supposed to form a more or less unbroken succession from 
Devonion to Jurassic. 
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Correlation.—It would be instructive at this stage to go a 
little deeper into the Permo-Carboniferous glaciation, and to 
review some of the evidence produced above. 
It will be seen from the above that the movement of ice was, 
in general, from south to north in Australia, from north, north-
east and east in S. Africa, but from east and south-east in the 
Congo Basin (see Fig. 1). The Indian striated pavement indi-
cates a movement to the north in general. In S. America the 
movement of ice is known to have been from east to west. Thus, 
in all the three southern continents the flow of ice was from 
somewhere out in the sea. India might have been the only excep-
tion, for here the pavement is so far into the interior that an ice 
cap could be supposed to have been located on the Eastern Ghats 
or some other mountain since eroded away. But, for the other 
continents, the question naturally arises: why were the ice 
caps (a single extensive cap will be insufficient to explain the 
known features) located in the tropical or temperate seas, where 
the environments could only have been inimical to them? 
Then, Coleman has posed the very pertinent question, which 
really applies to the Indian and African ice caps, as to 
what it was that made the ice flow from the equator toward 
the poles. In the Congo Basin it crossed the equator and con-
tinued for a distance of at least 2£° of latitude to move toward 
the north. Moving from a warmer to a colder climate the 
glacier would not readily melt. What was it that made a 
glacier originating in, say, the tropical part of India, to melt 
away and dissipate after it had reached Kashmir, a distance of 
over 800 miles? In the Pleistocene Period there is not a single 
instance in which the glaciers moved away from the equator 
for any considerable distance. In fact there was no extensive 
ice cap within the tropical parts of the world, and the valley 
glaciers descended by about 3,000 to 4,000 ft. below their pre-
sent level, i.e., they were, at the acme of glaciation, still about 
7,000-9,000 ft. above the sea level. Thus, in India where the 
present snow line is 11,000-12,000 ft., it was from 7,000-8,000 ft. 
in the Pleistocene Period, while it had come down to sea level 
in the Permian Period. With such a severe glaciation why is 
It that the entire world was not ice covered ? 
Then again, of the entire northern hemisphere why was 
India alone selected for extensive glaciation, while areas well 
inside the temperate or even the Arctic regions largely escaped ? 
On the other hand, while almost the entire southern hemi-
sphere was covered by ice, why is it that there is no evidence 
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of glaciation in the Permian Maiti System of New Zealand? 
During the Pleistocene Period refrigeration was certainly not 
so erratic or selective of area and New Zealand was heavily 
glaciated and so was Tasmania. New Zealand in the Permian 
Period had, instead, a warm climate (Hornibrook, 1952). To 
stress this anomaly still further it might be pointed out that 
Tasmania does show glaciation in the Permo-Carboniferous 
period till about the top of the Permian beds, but not so the 
Falkland Islands, that lie nearer to the Pole, where a basal tillite 
is overlain by sandstones. Still more puzzling is the absence of 
glaciation from the Permian formations of the Antarctica it-
self, and the Beacon Sandstone appears to be free even of 
erratics. 
It has usually been presumed that the basal tillites of the 
Gondwana Systems were coeval everywhere, but a considera-
tion of the conditions of deposition from an ice cap and of the 
fossil evidence, meagre though it is, would indicate that it was, 
perhaps, very much otherwise. Some of the evidence has been 
presented in the preceding pages, but it will be useful to ela-
borate upon it here. An ice cap deposits the tillite only along 
its margin, and, as it recedes_,the deposition of the tillite is taken 
nearer and nearer to its centre, whereas the area over which 
the tillite was being deposited gets either exposed to erosion 
or varves come to be deposited over them- Thus, varves in an 
outer area become coeval with tillites nearer the centre of the 
ice cap. It is, therefore, obvious that if there was a single ice 
cap as Veatch (1935), Du Toit (1937) and some others have 
postulated, and if it lasted from the Middle Carboniferous 
Period to the top of the Permian Period, it could not possibly 
have deposited tillites simultaneously in all these areas, and 
the time lag would involve this entire period. 
- As fossil flora is abundant in the Gondwana Systems, it 
would be instructive to discuss it in some detail, even at the 
risk of a certain amount of repetition, and perhaps it would 
help clarify matters if India is treated as the type area for 
this. The flora here occurs above the tillite and is characterised 
by an abundance of Gangamopteris. Soon after, however, the 
genus started to decline, and its place was gradually taken by 
Glossopteris so that in the Raniganj Coal Measures the latter 
overwhelmingly predominates over the former, both in number 
of species and in actual number of leaf impressions preserved. 
Glossopteris retifera is a characteristic species of the Raniganj 
Coal Measures, but is known from older beds as/fell and is, 
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therefore, not an ideal index fossil. No Gangamopteris occurs 
above the Raniganj Coal Measures, which are believed to end 
with the Permian, but Glossopteris continues into the Triassic 
Panchet Series. This pattern of the appearance and disappear-
ance of this flora seems to have been repeated fairly faithfully 
in Australia too. The earliest Gangamopteris there, however, 
occurs about 2.000 ft. above the base of the Lower Marine Series 
in N. S. Wales, but once it appeared, the genus jumped quickly 
into predominance, and then, almost as rapidly declined, while 
its rival Glossopteris continued to nourish. 
In S. Africa on the other hand only two localities have 
yielded specimens of Gangamopteris. In both it is found bet-
ween the tillite and the underlying gneisses and only one species 
the ubiquitous G. cy diopter oxdes, is known. In the Wankie Coal 
Measures in S. Rhodesia, further north, both the genera appear, 
but Glossopteris still seems to predominate, and on this ground 
Maufe (1929, p. xxx) assigned an Upper Permian age to the 
horizon. These beds have now been found to directly overlie 
a tillite. In S. Africa even Glossopteris retifera appears only in 
the lowest beds of the L. Beaufort Series, while Noeggeralhiopsis 
hislopi does not appear to have survived after the Ecca epoch 
though it continued into the Triassic Panchet Series in India. 
This floral distribution, to the author's mind, is exceedingly 
significant and Du Toit should have given it due consideration. 
Similarly, Mesosaurus, which in Africa appears in the so-called 
White Band, just after the glaciation was over, is found in the 
Irati Shales, well above the tillites in Brazil. It is significant 
that recent opinion in S. America (Barbosa, 1952, p. 317) con-
siders that there exists a disconformity between the Irati Shales 
and the Lower Permian Tubarao Series, which carries the tillite 
and the Glossopteris flora. The Irati Shales are, on the other 
hand, overlain by marine Passa Dois beds which pass upwards 
into Middle Triassic beds. A supra-Lower Permian age for the 
Mesosaurus bed may, thus, be confidently concluded in the 
Parana Basin, and should apply to the White Band as well. 
All this evidence converges and suggests that the glaciation 
in S. Africa occurred later than the refrigeration in India, for 
instance. It was, perhaps, younger than the glaciation in S. 
America too. It is significant that "despite floral affinities with 
the underlying Permian, the M. Beaufort reptiles are judged 
by vertebrate palaeontologists as Lower Triassic" (Caster. 1952, 
p. 141). Is it, then, that the correlations based fundamentally 
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on the assumption that the glaciation was coeval in all the con-
tinents were faulty? The occurrence of a single species could 
have been explained but the odds multiply as the feature is 
Tepeated. 
The point will be taken up again in a later section. 
MESOZOIC GLACIATIONS 
During the Triassic Period, as is well known, there was a 
general desiccation and a rise in temperature all over the world. 
The land area was extended at the cost of the sea, deserts were 
extensive, and therefore an ice cap is not to be expected. This, 
however, does not rule out the possibility of valley glaciers 
occurring in places where the elevation was sufficient. Glaciers 
are present at the equator today. Glacial conditions have, 
nevertheless, been suspected in some local areas, and these may 
be described-
Bolivia (S. America).—The most interesting record comes 
from Bolivia where the Mandiyuti Conglomerate of the Bermejo 
System carries evidence of fluvio-glacial action. Heald and 
Mather (1922) who studied the area compared this glaciation 
to the Permian tillites of San Juan, but Du Toit (1927, p. 58) 
considered that these might be Triassic. An ice cap is, obvious-
ly, suggested, but the extent is small and the age is not settled. 
Congo Basin (Africa).—From the Congo Basin, Ball and 
Shaler (1910) described a tillite and they have been supported 
in their view by Passau, Fouramarier, and Robert. This has, 
however, been questioned by Veatch (1935, p. 5) who considered 
that the features noted were produced by wind action under 
desert conditions. The matter now rests there, and there is 
need for further work here. 
Narbada Valley (India).—Crookshank (1927) described the 
occurrence of a boulder bed which he considered to be the 
result of glacial action from the Upper Triassic Bagra Beds 
in the Narbada Valley in India. The boulders are said to range 
up to the size of a man's head, and have a fine-grained, varie-
gated matrix. The boulders are, however, well rounded, and 
no facetting or striations were noticed by him- Crookshank 
himself was sceptical about the origin of the bed. The age is. 
nevertheless, fairly certain. 
The occurrence appears to be very local and though 
Crookshank mentions some thin bands of limestone, there is 
no evidence to show that the deposit was anything other than 
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of fresh water origin. It might, therefore, be concluded that 
the bed was, if at all, formed by valley glaciers. The mountain 
that harboured this glacier must have been very high indeed, 
for in the vicinity are deposits which indicate desert action. 
E. Australia.—Very indirect is the evidence available from 
N. E. Australia, but it is intrinsically very interesting. Unlike 
the Triassic beds of New South Wales, those of Queensland 
show no evidence of warm climatic conditons. Indeed the 
entire evidence goes to emphasize the fact that the Queensland 
Triassic beds were formed under cold climatic conditions, in 
which coal swamps recurred (Whitehouse, 1952). The area lies 
within the Tropics. 
It also seems interesting that the Triassic formation of 
Tasmania is strikingly similar to that of Queensland, and thus, 
both differ to the same degree from the intervening New South 
Wales area. It might, however, be pointed out that no glacial 
record has so far been noted from any of these areas. 
Cretaceous Tillite (S. Australia).—An area of approximately 
150.000 sq. miles carries a "reasonably conclusive evidence" 
(David, 1950) of Cretaceous glaciation in S. Australia and New 
South Wales. The glaciation appears to have been started in 
the early Cretaceous Period and continued into the Cenomanian 
Winton Series. Marine sediments are associated and a sugges-
tion has been made for a south-westerly source of the glaciers. 
Fluvio-glacial conditions are not improbable but the evidence 
for land ice is considerably stronger. 
TERTIARY AND QUATERNARY GLACIATIONS 
Cape Hamilton (Antarctica).—A morainic mass has been 
reported from Cape Hamilton from immediately above the 
Cretaceous beds and is supposed to be of Eocene age (Coleman, 
1926, pp. 82-83). It is believed to continue to the area between 
Cape Karl Andreas and Cape Grunner. 
Pleistocene Glaciation.—During the Pleistocene glaciation, 
which affected such extensive areas in Europe and North 
America, the snow line, all over the world, appears to have been 
depressed by about 4,000 ft. The only glaciated areas in both 
the hemispheres were, however, well within the temperate zone, 
and the only areas which had continental ice in the southern 
hemisphere were confined to New Zealand. Tasmania and Pata-
gonia. Even at the acme of refrigeration, as has been mentioned 
earlier, the glaciers did not reach the sea level anywhere in 
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the tropical parts of the earth. In Tasmania the author has 
seen beautiful examples of tills, roche moutonnees, cirques, 
and picturesque glaciated valleys on the west coast of the 
island. 
GENERAL DISCUSSION 
Many authorities have in the past expressed the opinion 
that there have been only four periods of glaciation, the Huro-
nian, the late Precambrian-early-Cambrian, the Permo-Carboni-
ferous, and the Pleistocene (Coleman, 1926, p. 21). Some 
others have gone further and suggested a distinct periodicity 
of about 250 million years (Umbgrove, 1947, p. 93). The above 
table, however, does not appear to support either of these views. 
Moreover, when it is considered that vast parts, even of the 
populated areas in these continents are yet to be surveyed in 
detail, or are covered by recent alluvium, water or basalts, and 
that Antarctica is really terra incognita more should be seen in 
the known occurrences. And to add to these, there are records of 
glaciation known from Europe, America and the rest of Asia 
which are not specifically contemporaneous with one or the 
other of those described above, e.g., the Jurassic glaciation of 
California, or the numerous horizons in the Canadian Precam-
brian. Put together the list of possible ice ages becomes 
positively formidable. 
It has been suggested earlier that even if all the existing 
glacial formations are discovered the history of glaciation 
would, perhaps, never be complete. The preservation of a 
deposit depends upon epeirogenic conditions, whereas the gla-
ciers leave their load wherever they end. If this particular 
area happened to be part of a basin, the deposits would, possibly, 
be preseved, and then would retain their characteristics- But 
if the morainic material is left on a cratonic area, it is likely 
1o be rather rapidly eroded away and would, in the process, 
lose its distinctive features. Coleman might have had this 
Til mind when he stated (ibid.) "when it is remembered that 
glacial deposits are formed on the land while the geological 
history of the world is recorded mainly in sediments under 
water, the showing just mentioned is very impressive ". 
Then again, in many areas even the preserved glacial deposits 
/night have been obliterated at a later period and undoubtedly 
many of the older deposits have been altered beyond recogni-
tion. Coleman (ibid., p. 22) emphasized this when he stated 
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that. -'tc this must be added that the record, particularly in the 
older formations, is incomplete, and the oldest formations of 
all are usually so squeezed and metamorphosed into schist that 
the original structures have been destroyed". 
Considering now that the glacial deposits are, so very fre-
quently, not likely to be preserved or are likely to be destroyed 
afterwards, a study of the above evidence leads to the inevi-
table question: whether it is not logical to conclude that some 
part or other of Gondwanaland was glaciated throughout the 
history of the earth (Table I), except for the short periods when 
conditions were, apparently, inimical to the existence of an ice 
cap even at the Pole. And if this is so, then should not this 
broken chain be taken to represent a continuous history of glacia-
tion, with the ice cap moving from one part of a continent to 
another. In the preceding pages an attempt has been made to 
show, with the help of the available palaeontological evidence, 
that the centre of the Permo-Carboniferous glaciation was shift-
ing. Du Toit has from other lines of evidence, shown it for 
S. Africa, exactly as a distinct shifting of the centre of glaciation 
is known to have taken place in N. America during the Pleisto-
cene. 
From analogy it might also be concluded that the so-called 
Huronian, and Precambrian-early-Cambrian glaciations, which 
have been recorded from numerous localities, might not have 
been coeval, and there might have been considerable time lag 
in between, for example, the Sturt glaciation of Australia, the 
Vindhyan glaciation of India and the Numees-Karagwe refrigera-
tion of Africa. 
Such a moving centre of glaciation could only be the Pole, 
and to retain the continuity of this shifting of the centre oi 
glaciation it is essential to presume that the continents were 
much closer together at the time, i.e., they have since drifted 
away. Even Coleman (ibid., p. 250) reluctantly admitted that 
" if there was such a Permo-Carboniferous continent in the 
southern hemisphere many difficulties would be removed in 
accounting for the known glaciations". 
Only on this basis, the author considers, can the problems 
presented by the Permo-Carboniferous glaciation. as enumerat-
ed earlier, be explained. And in addition, a reasonable expla-
nation can be given for the absence of any sign of refrigera-
tion from the Permian formations of New Zealand and Antarc-
tica, which would, otherwise, have been much cooler. Far 
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from this having been the case, there is distinct evidence 
to show, as has been mentioned earlier, that "warm water" 
fauna flourished in the Artinskian times in New Zealand 
(Wellman, 1952, p. 21 ; see also Hornibrook, 1952, p. 25). It is 
possible that it succeeded a cold water fauna of "Pennsylvanian 
or Artinskian age" preserved in the South Island, and this might 
correspond to the Kuttung glaciation of East Australia. In 
addition, it would, otherwise, be difficult to explain the anoma-
lous occurrence of warm moist climatic conditions in the north-
west parts of S. America and Africa, and a warm moist climate 
proved by Dunbar in the early Permian of Kansas. He is 
supported in this view by David White (1925 ; p. 14) who points 
out "The writer has not been able to recognize in the Permo-
carboniferous swamp floras, either of the United States or in 
Western Europe, proof of severe freezing or seasons of actual 
winter of such severity as is characteristic of the region em-
bracing Baltimore, Cincinnati, and St. Louis at the present day, 
although early Permian time witnessed extensive glaciation, 
even in the tropics in India and at low altitudes in temperate 
regions of Australia, South Africa and Brazil". Coleman was 
an advocate of a general refrigeration for the Permian Period, 
but on this assumption there seems to be no explanation for 
the absence of any records of glaciation from north of 22\ ° S. 
latitude in E. Australia while it was present across the equa-
torial region to Central Africa. On the evidence produced above 
this views appear to be untenable. 
It will be seen that leaving aside the pre-Devonian glacia-
tions, on which little information is available so far, a plausible 
route of this focus of glaciation. can be reconstructed. In the 
lower middle Devonian Period it was located to the north-west 
of S. Africa, and then shifted to Argentina where U. Devonian 
and Lower Carboniferous glaciations have left their marks. 
Shortly afterwards this centre appears to have been in eastern 
Australia and presumably it took a route via the Antarctica. 
A band of coral limestone in the Carboniferous beds of East 
Australia—it has been a puzzle in the Australian geology—and a 
repetition of glaciation in Argentina might indicate that the ice 
cap, perhaps, retraced its path rather rapidly, but very soon re-
appeared in Australia. From eastern Australia it can be followed 
somewhere in south India. Apparently the glaciation here was 
not very long, for the tillite is only a few feet thick in the Salt 
Range and nowhere does it exceed 100 ft. Very soon after 
the centre of glaciation appears to have been in East Africa, and 
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presumably eastern Australia received the glacial sediments 
preserved in the Lower Marine Series. A repetition of glaciation 
suggests that perhaps, the centre of glaciation formed another 
loop in its course at this stage. A shifting to S. W. Africa, and 
perhaps even to S. America is, thereafter, indicated. This centre 
again apparently retraced its steps and in its easterly course, 
appeared successively in S. W. Africa, near the mouth of the 
Zambezi, and then to the east of that continent, in the uppermost 
Permian Period. It was, perhaps, here that the ice cap finally 
disappeared in the earliest Triassic Period. It is, however, not 
improbable that a loop again appeared in the course traced by 
this centre of glaciation very early in the Triassic Period, even 
though there was very little, (or none at all) of the cap left, 
and this resulted in the Triassic beds of Tasmania being cool 
and wet, with coal swamps recurring. 
There are two tillites in the Desert Basin, but three in the 
N. W. Basin of W. Australia. While other explanations are 
equally possible it is probable that the lower two in the latter 
area were coeval with those in the former, and were deposited 
by the front and rear of the ice cap in its course across the 
continent. The extra tillite in the N. W. Basin might, then, 
have been formed when the glaciation proceeded from India 
towards Africa and on this occasion the left hand margin of 
the ice cap might have been responsible for the deposition. 
More significant is the occurrence of the erratics above the 
Irwin River Coal Measures, and the fact "that at least the 
Collieburn and Cardiff Stages (of the Collie Basin) are younger 
than the Irwin River Coal Measures" (Fairbridge, 1952, p. 144). 
Rare stray erratics occur in the Indian coalfields also at about 
this horizon. All this might indicate that the Collie Basin 
tillite is younger than any of those further north, and was 
coeval with the erratics in the Irwin Basin and India, deposited 
by ice bergs or flood-broken glacier snouts. It is possible, then, 
that after forming the loop in the early Permian Period the ice 
cap did not touch the Irwin Basin, but had its margin close 
by. This ice cap must also have removed any of the existing sedi-
ments from the extreme south-west corner of Australia. 
This route of tjje centre of glaciation has been placed on a 
map (Fig. 2) of Gondwanaland as reconstructed by Carey (1.951, 
MS). It has been selected only because on Du Toit's (1937) 
assembly Antarctica is placed between Africa and Australia, 
and this would imply that the drifting of the continents was 
more rapid. It would also be difficult on this reconstruction 
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FIG. 2. 
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to account for the warm climatic conditions now known to have 
existed in Permian times in New Zealand. The Antarctica too, 
became repeatedly glaciated, if this map is accepted, but there 
is, as has been pointed out earlier, no record of any ice age in 
the Beacon Sandstone. Moreover, in the Lower Permian Period 
when glaciation seems to have affected E. Australia and Central 
Africa more or less simultaneously, the ice cap on this recons-
truction would be much bigger, covering these regions, and in 
addition the whole of the Antarctic continent. This would be 
vulnerable to Coleman's objection about the source and supply 
of moisture and ice. On Carey's reconstruction adopted above 
the ice cap during the successive stage of its shifting appears 
to have been much smaller, and was, apparently, never bigger 
than the Antarctic cap to-day. It need hardly be pointed out 
that the oval outlines here adopted represent a very generalised 
form of the ice cover, which must obviously have been irregu-
lar, as are the ice caps of to-day. Carey's reconstruction, though 
it may need certain changes in future, appears to be a distinct 
improvement upon former attempts, but this is not the place 
to go into these. 
Carey (1954 personal communication) has recently produced 
a revised reconstruction which is very similar to Du Toit's (1937) 
map. An attempt is, nevertheless, made in Fig. 3 to use this 
as the base map for a study similar to that presented in Fig. 2 
above. The force of arguments advanced above can be seen on 
this, and unless an explanation of the anomalies is found by 
future research, this map does not seem to be acceptable. 
It was apparently Wegener who suggested the above explana-
tion of glaciation, though perhaps, the idea was not altogether 
original. He, however, could not make up his mind whether 
it was a drifting of the sialic crust that goes to constitute the 
continents or a drifting of the polar axis (1924, p. 93). The 
protagonists of his hypothesis to-day are, however, convinced 
that the latter is, perhaps, not possible, and it could only have 
been the drifting of the continental mass itself. But Wegener's 
thesis was open to several other objections, for example, he 
envisaged a single continent, Pangaea, for the whole world, 
and placed the equator on it. Later it was found that there 
was incontrovertible evidence of cold climate where warm was 
expected on his map. 
The views generally held to-day by those who believe in drift 
are that there were two continents, Laurasia and Gondwanaland, 
sitting on the opposite poles, and the sea between these has, 
PART 4] Glaciation and Gondwanaland. 669 
7 GSI (PC) /60 
670 Records of the Geological Survey of India. [Vol. 86 
in part, been recognised as the Tethys. These continents were, 
apparently, never altogether still. The drifting of the land 
masses brought glaciation to the different parts of the conti-
nents, provided there was then land ice at the poles. In the 
above discussion the basic idea has been that the continents 
so drifted that the poles appeared to have shifted, and it took 
the approximate centre of glaciation along. Thus the path of 
the glacial focus shown in Fig. 2 was the result of a general 
clockwise drifting of the continent. 
This drifting of the two continents, Laurasia and Gondwana-
land must, inevitably, have been bringing them close together 
at certain periods—perhaps even in contact—when there was 
exchange of fauna and flora which now appear to be cosmo-
politan. One such exchange appears to have taken place dur-
ing the Upper Permian Period when Gondwanaland was mark-
edly eccentric, and Glossopteris flora migrated to Angaraland 
and certain elements of Gio/antopteris flora entered Gondwana-
land. Other contacts might have taken place in the Triassic, 
Carboniferous, and Devonian Periods. 
It is apparent that the tillites have been preserved because 
epeirogeni conditions were exceptionally favourable over 
extensive areas and their absence from the area north of R. 
Zambezi confirms this. A considerable lowering of the temoe-
rature over the whole of the globe during the Pleistocene Period 
cannot, however, be denied, though this has no bearing on the 
phenomenon of earlier glaciations, discussed above. Thus, 
Gutenberg (1951, p. 194) points out that "There is a marked, 
difference between the relatively short glacial periods of the 
Pleistocene and the changes in climate during earlier periods. 
While the Pleistocene ' ice age' consisted of a number of 
periods during which the temperature apparently was lower 
over most part of at least one hemisphere, changes in climate 
during the earlier history of the earth are indicated by 
large areas with noticeably warmer climate than we have to-day, 
contrasting with areas that at the same time had an unusually 
cool climate. For this reason it seems probable that the two 
phenomena had different causes". There is, thus, no proof of 
an extensive refrigeration during the Permo-Carboniferous 
Period. The few localities from which tillites of this age have 
been reported from the northern hemisphere, and particularly 
the Squantum Tillite, might themselves have been on the Pole 
at the end of the axis. It would require a satisfactory recons-
truction of that continent, Laurasia, and another detailed study 
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to show the shifting of the northern ice cap. Indeed, future 
research may have to answer why ancient glaciations in 
Laurasia do not appear to be as extensive as, for example, the 
Permian or Cambrian glaciations of Gondwanaland. Is it 
because there was more than one continent in the northern 
hemisphere? 
Gondwanaland is believed to have been split up towards 
the end of the Jurassic Period, and significantly, there is no 
record thereafter of continental ice from India, Africa and S. 
America. During the Cretaceous Period S. Australia might 
again have approached the Pole and a tillite was deposited 
there. The eastern part of Africa escaped severe glaciation-
thtfbugh lower Cretaceous beds in east Africa have occasionally 
been suspected to be of glacial origin (see Lightfoot, 1939, 
p. 197)—because, by then, the two continents were wide apart, 
and the sea had intervened. Soon afterwards the continents 
appear to have reached their present approximate positions, and 
there was glaciation in the Eocene of Antarctica. Then the 
Pleistocene glaciation affected all the areas in the Antarctic 
circle. 
CONCLUSIONS 
This study suggests that though there was, perhaps, some 
lowering of temperature occasionally, as in the Pleistocene 
Period, just as there was a distinct rise of temperature in the 
Triassic Period, the incidence of glacial deposits is, apparently, 
due to a combination of two factors, negative epeirogeny and 
a drifting of the continents. Several questions have been posed 
and it is believed that these can only be answered if the con-
tinents have drifted away since the Permo-Carboniferous 
Period. 
The anomalous occurrences of certain plant remains and 
other fossils in the Gondwana formations of S. Africa and 
Argentina have very rational explanation on this interpretation, 
and the shifting of the centre of glaciation in S. Africa, so ably 
demonstrated by Du Toit, is easily explained. The absence of 
glacial deposits in the Permian formation of Antarctica, and 
the presence of warm climatic conditions in the Artinskian of 
New Zealand, easily resolve themselves under this hypothesis. 
An assembly of Gondwanaland by Prof. Carey has been 
used and its advantages, so far as this paper is concerned, are 
pointed out. It is, thus, shown that the Permo-Carboniferous 
ice cap need not have been big towards the close of the Permian 
Period, and it, certainly, was never bigger than the present 
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Antarctic ice cap. Does it mean that the present is an 'ice 
Age'? 
A very thought-provoking suggestion arises from this study, 
that the Gangamopteris flora might have evolved in India. 
It is possible tnat it was more adapted to colder climatic con-
ditions, and was gradually replaced by the Glossopteris flora 
which adapted itself better to warmer or milder conditions. 
It is possible that future research may yield evidence to 
show that the late-Precambrian-early-Cambarian glaciation, 
known extensively from Africa, India and Australia, can also 
be explained under this hypothesis of Continental Drift. 
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ABSTRACT 
Du Toit attempted a geological comparison of S. America and 
Africa and demonstrated very close similarities and parallels. No other 
similar attempt has since been made to show any similarities in other 
parts of Gondwanaland continents, though, if drift has taken place, these 
should exist. 
The present paper compares the formations on the west coast of 
Australia and the east coast of Peninsular India and points out that, 
though the information is yet very meagre, wherever it is reliable, close 
parallels do exit in the two areas, right from the Arjfhean to the Creta-
ceous Period. There similarities are in rock types, mineral occurrences, 
c / l imate and glaciation, structure and fauna And flora. The author, 
therefore, points out that though some of these may be explainable 
under other hypotheses, some others may be fortuitous, there are yet 
other features which cannot be explained unless drift has taken place. 
In this category he places the late Precambrian and the Permian glacia-
tions, and some original information on the former and its possible corre-
lation are now placed on record. 
Some of the more well known reconstructions of Gondwanaland are 
then studied and it is pointed out that none appear to be entirely satis-
factory, though Carey's 1951 attempt may be a close approach. The 
author, however, studies the Cretaceous faulting on Carey's 1951 map and 
points out that on this map the known features do present a fairly logical 
picture, and they will be almost inexplicable if the present latitudes had 
any bearing at the time. 
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INTRODUCTION 
The similarities in the Gondwana Systems from all over the 
Gondwanaland have often been commented upon, but these 
comparisons have, usually, been confined to the Permian Period— 
sometimes extended, perhaps, to the Triassic or the Jurassic. 
The conclusions based on these comparisons have often been 
challenged and attempts have been made to explain these 
features by other suppositions. Except for Du Toit's masterly 
study of the geological formations of S. America and Africa, no 
other part of Gondwanaland has, apparently, been subjected to 
close scrutiny from this point of view. If drift has taken place 
these land masses should also present closely comparable 
formations, such as observed in the unique Permian beds, from 
the earliest time till the supposed beginning of the Drift. 
Admittedly, the work is hampered by several important 
factors. Firstly, with increasing antiquity the evidence, for a 
variety of reasons, is hard to decipher or to conclude from, and 
secondly, the well nigh perfect uniformity of environments 
which alone could produce identical formations was not often 
enough obtained. The areas involved are often large and 
consequently the possibilities of regional variations are so great 
that it is really surprising that any similarities are at all present. 
And again, vast areas in the vitally important regions have 
often not been examined in sufficient detail to permit any 
detailed analysis. Even where work has been accomplished, 
the lines of enquiry pursued have been different, and the infor-
mation cannot be put to much use. And finally, many a time 
the most crucially important areas are lying covered by ice, 
water, alluvium or desert sand or are otherwise inaccessible. 
Whereas these factors have placed serious limitations on any 
attempts at comparison, they, at the same time, lend weight 
to any evidence of unquestionable similarity, wherever it can 
be demonstrated. In the following pages an attempt is, never-
theless, made to study a limited area, even though a large part 
of this is not well known. The areas, selected for study, are 
W. Australia and Peninsular India. 
ARCHAEAN AND LOWER PRECAMBRIAN FORMATIONS 
The oldest formation with a distinctly sedimentary origin 
seen in India has been called the Khondalite Series and has a 
wide extent in Peninsular India. It is characterised by the 
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presence of iron-garnet with frequently large amounts of silli-
manite and graphite, though these minerals are not seen every-
where. Krishnan (1951, pp. 319-320) is of the opinion that " the 
differences that may be found in their mineralogical composition • 
are incidental to regional variation in the nature and composition 
of sediments (though essentially of similar nature) as we 
are dealing here with comparatively large areas ". The khonda-
lites have, over large areas, been metamorphosed (granitised) 
(many authorities are of the opinion that the relationship is 
one of intrusion) into what are known as charnockites. These 
range from acid to ultra-basic in composition and are characteriz-
ed by the presence of hypersthene, blue coloured quartz and a 
peculiar waxy look-
Charnockites have been reported from many parts of the 
world, including Madagascar, East Africa, W. Africa, Brazil, 
Antarctica, Norway, W. Australia and elsewhere but it is remar-
kable to point out that the khondalite-charnockite association 
is restricted to a very few of these localities and is so far not 
known from any part of the northern hemisphere. This peculiar 
combination has, however, been reported upon by Prider from 
Yilgarn in W. Australia and some of his remarks are worthy of 
notice. Thus, he is of the opinion that (1945, pp. 147 et seq.) 
" This series of metasediments finds its equivalents in the 
khondalites of India". He further compares the charnockites 
from the two areas and considers them to be identical. Pressing 
the similarities he mentions that "where the Indian ultra-basic 
charnockites are intrusive into khondalites there may be a deve-
lopment of spinel-sapphirine rocks and sillimanite-cordierite-
biotite-hypersthene rocks. The unusual contaminated types are 
represented in the Western Australian province by cordierite-
anthophillite rocks of Tooday, and garnet-biotite-eordierite-
hypersthene rocks of Dangin" (ibid., p. 166). And when he finds 
that he is unable to duplicate any of the types known from India, 
he makes the very pertinent remark "but it is to be noted that 
practically none of the country in which these charnockites occur 
has been geologically surveyed". 
The occurrence of these two rather uncommon rock types, in 
identical close relationship is, to say the least, most surprising. 
If, as is widely believed, they are the result of metamorphism, 
they must have required very similar sediments in the original 
geosynclines followed by similar stages in high grade metamor-
phism. This occurrence of similar stages of metamorphism was, 
apparently, repeated when the khondalites were partially 
1 0 A 
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altered to charnockites. If the latter are, however, regarded 
as intrusive, the argument is by no means weakned. 
Glaciation is suggested by certain deposits, particularly those 
of the Iron Ore Series and the Kaldurga Conglomerate in India, 
and the Yilgarn Series of Australia, and though it may not be 
possible to establish their correlation, the existence of refrigera-
tion in both the areas during the Lower Precambrian is, to say 
the least, rather unexpected. 
MIDDLE PRECAMBRIAN FORMATIONS 
In India this age is represented by wide-spread formations, 
called the Cuddapah Series, the Bijawar Series and their 
equivalents. In Western Australia these may have their 
counterpart in the Mosquito Creek Series, etc., but a close rela-
tionship—if there exists any—is hard to make out for want of 
detailed information. Both are, however, noted for banded 
jasper, and in India no other formations carries them in situ. 
It may also be true of Western Australia but this hardly cons-
titutes an evidence. 
Glaciation has been reported from the Bijawar-Chilpi Ghat 
Series in India (Ahmad, 2955, B.) while in the Kalgoorlie Series 
of W. Australia, which could be the equivalent of the Bijawar 
Series, "where the boulders are angular, unsorted and unstratifi-
ed the impression of an ancient glacial tillite is given " (David, 
1950, p. 12). Thus again, this possible similarity of climate in 
the two areas is surprising.. 
UPPER PRECAMBRIAN AND LOWER CAMBRIAN SYSTEMS 
The Upper Precambrian and Lower Cambrian are supposed 
to be represented in India by the Vindhyan System and its 
equivalents, the Kurnool Series, the Bhima Series, etc. These 
overlie the older formations with a violent unconformity and 
are, generally, not subjected to folding, though block faulting 
of indefinite' age is present in places. In recent years evidence 
has been produced to show that the deposition of the Vindhyan 
System was initiated by glaciation. These basal tillites have 
l?een recorded from Central India, but in a nearby locality there 
is also the record of a second period of glaciation, associated 
with marine sediments, at the base of the Kaimur Series 
(Ahmad, 1955, A). In Rajputana a striated platform suggests 
that ice moved in a general N.N.E. direction. The horizon above 
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the second tillite in particular, and the overlying Rewa Sand-
stones in general, are of great economic interest as they carry 
the only known diamond deposits in India. The gems occur 
.at two or more different horizons and are embedded in 
conglomerates. 
The present writer has been carrying out a palaeogeographic 
study of the Vindhyan Period and the indications are that the 
main basin of deposition extended from Central India in a South-
west direction, to near the mouth of the Narbada R. But soon 
after the second glaciation (the basal Kaimur) an extensive basin 
appeared over the eastern half of the Peninsular India. No 
definite glacial beds have been reported from this area, but 
certain beds in the Chhattisgarh area are extremely suggestive 
of glacial conditions and were, at times, mistaken for the 
Gondwana glacial beds, even by geologists of considerable 
experience. Diamonds have been produced from near the base 
of these beds (Pascoe, 1950, p. 377) and provide a valuable clue 
to their age. 
The age of the Vindhyan System is doubtful, but recent 
work is strongly suggestive that they range into the Upper 
Cambrian in the uppermost beds (Sitholey et al; 1953 see also 
Sahni and Srivastava, 1954). 
There is definite record of very widespread glaciation in 
Australia (David, 1950, p. 50 et seq.), apparently almost contem-
poraneously. In some localities the glaciation was repeated e.g. 
near Mt. Grainger Goldneld (ibid., p. 62) or near Willouran 
Range (ibid., p. 65), though in the latter locality the repetition 
may be only due to faulting. No striated platform has so far 
been found, but some of the boulders have been traced to their 
source and indicate a general south to north movement of the 
ice. 
An extensive basin in West Australia was initiated by the 
tillite formation and has been studied in detail from near 
Yilgarn. This Yilgarn Series carries diamonds and gold in the 
conglomerate, and like its counterpart in India, has not been 
folded at all. 
Only one horizon in the entire Indian succession is known 
to carry diamonds, and its deposition was accompanied, or just 
preceded, by widespread glaciation. In Australia the only pre-
Tertiary bed to contain alluvial diamonds so far known ify. the 
conglomerate bed of the Yilgarn Series in West Australia, and 
there is reason, on palaeontological and stratigraphic grounds, 
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to equate the two formations or to regard them as generally 
co-eval. 
The presence of diamond, it need hardly be pointed out, has 
the force of the appearance of a very rare mineral in the heavy 
mineral analysis of sediments, and its combination with distinct 
glaciation, makes the occurrence almost unique. Detailed 
work on the heavy mineral assemblage has not been attempted 
in either country, but may reveal other similarities. Alluvial 
gold has also been reported from these beds in India and 
Australia. 
Glaciation at about the same horizon has been reported from 
a number of localities in Laurasia, including some that are of 
doubtful age. But not from one locality is there evidence of 
such widespread glaciation as is known from India, Australia 
or Africa. In the last named of these continents, it is possible; 
that this glaciation was more extensive than even the Permian 
glaciation and extended to at .least 1 ° N. latitude. (Veatch, 1935, 
p. 43). It need not, therefore, be concluded that almost the 
whole world was at the time covered by ice, and the contrast 
between Gondwanaland and Laurasia might be of the same 
order of magnitude as was the case during the Permian Period 
when distinct localised glaciations in the northern continent 
were recorded, as from near Boston. 
This wide disparity between the northern and the southern 
continents, this simultaneous glaciation of almost the whole of the 
southern continental areas, this movement of the ice away from 
the equator in more than one locality are all features that, as 
will be shown later, were repeated in the Permian Period and 
certainly require explanation. 
DEVONIAN & CARBONIFEROUS SYSTEMS 
Devonian and Carboniferous Systems are not known from any 
part of Peninsular India, but occupy a part of the Desert Basin 
in W. Australia. Knowledge about these beds is very fragmen-
tary so far, but it is apparent that either the beds were not 
extensive or else they were thin and were rapidly eroded away 
from other areas during the glaciation. 
PERMIAN SYSTEM 
So much has been written about the ubiquity and uniformity 
of the Permian flora and glaciation that some amount of repe-
tition is inevitable in any description of these well known 
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Gondwana beds. For the same reason it is only possible to 
draw attention to some of the more important features which 
have a direct bearing on the subject under discussion and omit 
the long lists of common and identical plant fossils. 
Towards the end of the Carboniferous or the beginning of 
the Permian Period vast areas of both Australia and India were 
covered by ice sheets and in both the cases the movement of 
ice was generally from south to north. For Australia this was, 
admittedly, just as one would expect if the Antarctic ice cap grew 
to cover more than half the southern hemisphere, but in India 
something of major importance was again occurring. For the 
Pleistocene Period of glaciation not one instance is known in 
which the ice moved towards the Poles and away from the 
Equator. In Central India and the Salt Range the glacial sedi-
ments formed by this ice cap are associated with marine fossils 
and this indicates that the glaciers descended to sea-level. No-
where within the tropics did it happen during the Pleistocene 
Period. Hornibrook (1952) and Wellmann (1952) are, on the 
other hand, agreed that all evidence in New Zealand indicates 
that a warm climate prevailed there. There is also reason to 
believe that Antarctica was not glaciated, for the presence of 
the Glossopteris flora within 5° of the Pole would, then, have 
been impossible. There is, in addition, suggestion of a warm 
dry climate in parts of N. W. Africa and N. W. South America. 
These anomalies appear difficult to explain. 
At the end of the glaciation vast areas in the S. E. of 
India and the west of Australia came to have negative epeiro-
geny. Though in India the preserved sediments are mostly of 
fresh-water origin, recent evidence indicates that an extensive 
area in Andhra, Madhya Pradesh and other adjacent areas, 
perhaps, did receive marine sediments. The author has else-
where (1952) suggested that the Umaria Marine Bed could only 
have had a connection in that direction and the discovery of 
the new locality of similar fossils in the Hasdu River Basin, and 
the association of the fossils with distinct glacial sediments 
does confirm the view. It is significant, then, that Thomas (1954) 
has drawn attention to the close similarity between the Umaria 
fauna and that obtained from the Lyons Group in the N. W. 
Basin of Western Australia. He has confirmed the presence of 
Calceolispongia in the Umaria collection and it may be noted 
that this genus is, so far, known only from Australia and Timor 
The author has (1952, pp. 119-121) drawn attention to the fact 
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that the brachiopods in Umaria give the unmistakable impres-
sion that they met their death due to some catastrophe. 
Similar was the fate of the Metalegoceras jacksoni (Clarke et al, 
1948) on the west coast of Australia. Admittedly this does not 
constitute an evidence, but catastrophes that are felt by sea 
life are not so common, and in any case, not so contemporane-
ously wide-spread. The odds, then, of two independent catas-
trophes occurring simultaneously to two similar faunal assem-
blages in distant areas—particularly when these are the only 
two known areas of this faunal assemblage—are so great that 
this possibility need hardly be considered. The extensive marine 
area in Assam-Salt Range geosynclinal basin was, in any case, 
not apparently affected by this catastrophe. 
It is hardly necessary to draw attention to the great unifor-
mity of the flora from all over Gondwanaland. Du Toit 
(1937, p. 83) has, however, rightly concluded that this line of 
evidence is unequivocally in favour of the absence of any 
barrier in the form of high mountains or, perhaps, wide oceans. 
Knowlton (1919, p. 501) has stated that "the plants inherently 
possess the qualities which permit them to exhibit the more 
reliable criteria as to the climatic conditions". It may then be 
considered whether or not during, say, the Upper Permian 
Period there was a complete uniformity of climate from S. Pole 
to about 35 °N. latitude and that there was no effective barrier 
separating the land masses in these areas. N. E. India, on the 
other hand, was effectively cut off from N. Burma, while New 
Guinea, Ceram, East Celebes and Timor seem to have been cut 
off from Sumatra. Java and W. Celebes or that they had very-
different climatic conditions. 
TRIASSIC SYSTEM 
The Triassic was a period of world wide emergence of land, 
and though sedimentation did take place in certain areas, the 
basins, both in India and Australia, were apparently of limited 
extent and presumably separated from each other. Any close 
resemblance in strata can, therefore, hardly be expected, but 
whatever flora has been recovered from these continents does 
indicate a continuation of the absence of any ' barrier in the 
form of high mountains or, perhaps, wide oceans', as suggested 
above. The cause of the disparity between adjacent parts in 
the India-Burma region as well as in the Eastern Archipelago, 
most probably, continued to exist. 
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JURASSIC SYSTEM 
Widespread transgression of sea occurred both in India and 
Australia in the Jurassic Period, but only unidentifiable marine 
fossils are preserved on the east coast of India, though a well 
preserved fauna has been recovered from W. Australia. Similar 
plant fossils are, however, well known and Otozamites 
bengalensis is a species restricted to the Rajmahal area in India 
and the Northern Territory in Australia. 
It may, then, be concluded that the uniformity of climatic 
conditions and the cause of disparity, pointed out above, 
continued undisturbed. 
CRETACEOUS SYSTEM 
The earliest identifiable marine fauna on the east coast of 
India—leaving aside the Umaria and Hasdu occurrences men-
tioned above—belongs to the Cretaceous Period and provides a 
valuable tool for comparison with W. Australia, where, too, 
marine Cretaceous fauna is widespread. The Trichinopoly 
fauna is almost duplicated in the N. W. Basin. 
The Uttatur Basin appears to have been occasionally isolated, 
presumably barred. Apart from evaporites, phosphatic nodules 
and chalk were deposited in this basin. It may be significant 
that Clarke et al (1958, p. 78) concluded that on the west coast 
of Australia there existed a "barred basin in the Perth 
' Sunkland' during the Lower Cretaceous and Eocene". Appa-
rently this Cretaceous fauna was very cosmopolitan and elements 
from it occur in Madagascar, New Zealand, etc. and there will 
be reason to refer to the point again. 
BLOCK FAULTING 
Widespread block-faulting took place in Peninsular India 
and dropped the Gondwana beds. Fox and other$(see Krishnan, 
1949, pp. 281 et seq.) were of the opinion that the faulting was 
contemporaneous with the deposition. Gee (1934, p. 84) suggest-
ed that it was probably Jurassic in age, while Jowett (1925, p. 141) 
was of the opinion that it could be mid-Triassic in age. From 
various lines of evidence the present writer has, on the other 
hand, concluded (1952, pp. 147-152) that the faulting, most 
probably, was late Cretaceous in age, and was followed by 
extensive lava flows. It is known that the Great Boundary Fault 
in Rajputana immediately preceded the Deccan Traps and also 
that strong faulting continued in the Narbada Valley even after 
the preserved traps had covered the area. The Gawilgarh 
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Fault had a minimum downthrow of over 1,800 ft. in the post-
Deccan Trap times, and this is not an isolated instance (Auden, 
1949, p. 326). In two areas these faults reach the east coast of 
the Peninsula, and are cut off from view by sea or by Tertiary 
formations, and there is no sign of any decrease in their 
magnitude. 
In Western Australia there was widespread block-faulting in 
the coastal region, and some of these faults are cut off by the 
sea or recent beds on the west. It is widely believed that the 
pattern of this faulting was determined in Precambrian times. 
But Raggatt (1937, p. 166) agreed that the Urella Fault in the 
Irwin R. area is post-Jurassic, and thought that some of the 
faults in the N. W. Basin are post-Lower Cretaceous. Teichert 
(1952, p. 119) points out that in Wandagee area faulting has 
affected Lower Cretaceous rocks. Prof. E. S. Hill of the 
University of Melbourne (Personal communication) was of the 
opinion that Cretaceous faulting in Western Australia was 
extensive. 
Thus it may be concluded that both the areas under considera-
tion were affected by extensive faulting in the Cretaceous Period, 
and one may suspect a genetic connection. 
GENERAL DISCUSSION 
It may be unreservedly admitted that some of the points 
enumerated above may be explainable by making some more or 
less admissible suppositions ; some others may be considered 
fortuitous, but there are some points which it may be well nigh 
impossible to explain under the current postulate of the essen-
tial fixity of continents. In this category falls the Permian 
glaciation, which has been adequately dealt with by many 
authors and only recently the case has been restated by the 
present writer (present issue). That almost identical was the 
situation obtained during an earlier period makes it even more 
impossible to explain the phenomenon, if the present latitudes 
had any significance at the time. 
Apart from this, if the quotation from Knowlton, given above, 
rightly sums up the position—and there is no apparent reason to 
suspect its validity—Du Toit's conclusion of the absence of any 
effective barrier and the uniformity of climatic conditions 
follows almost automatically. That this unusual environmental 
conditions prevailed from Antarctica to nearly 35° N. latitude 
from early in the Permian Period to late in the Cretaceous 
Period—well over a quarter of the period of the earth's life of 
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which information in fair detail is available—and from extreme 
refrigeration gradually on to hot dry climate and back again to 
milder conditions, and yet is consistently excluded from such 
intermixed area as parts of the East Indies and Burma, taxes 
credulity to breaking point. Not in one case such perfect iden-
tity could be pointed out between, say, India and any part of 
Laurasia, and this also caste considerable doubt on all the 
postulates of the origin of continents which do not envisage a 
significant shifting of the sialic masses. 
Ewing (1952, p. 90) has admirably summed up the geophysical 
point of view regarding the land bridges when he points out 
that "there is no evidence in the existing gravity data of 
foundered land bridges in the deep oceanic basins, unless these 
parts of the dense oceanic crust were held up out of isostatic 
equilibrium and foundered to establish equilibrium". Though 
he, at the same time, fails to envisage any force that could 
cause the continents to drift, the present writer believes that 
one need not reject the possibility merely because the forces 
suggested appear inadequate. The above similarities, indeed, 
point out that India and Australia were, perhaps, not so far 
apart in the past as they are found today. In sharp contrast to 
the close parallels quoted above one need hardly go into the 
details of the Tertiary and existing fauna and flora to notice the 
wide disparity, and not all the points made out above are 
explainable by suggesting the routes of transport and migration. 
Geologists who are favourably inclined towards Continental 
Drift—and there seems, of late, to be a revival of interest in 
this fascinating problem—are agreed that S. America fits into 
the west of Africa (Carey, 1955-A) ; but there is no such unani-
mity of opinion in regard to the rest of the pieces of the ' jig-
saw ' puzzle to the ' south and east' of Africa. Various sugges-
tions have been advanced, but this lack of unanimity gives the 
opponents of Drift an argument against the very basis of the 
hypothesis. This approach, to the present writer's mind, is not 
correct. 
Fig. 2 shows parts of some of the more well known recons-
tructions offered during the last forty years since the hypothe-
sis was advanced. The present study, however, deals only with 
the relationship between India and Australia. In these as-
semblies, it will be noticed, two place Australia abutting against 
the east coast of India (Wegener's and Carey's 1951), in three 
others Antarctica is placed in the present Bay of Bengal (Du 
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FIG. 1. 
Toit's, Carey's 1954, and King's). In Joyce's map India is rotated 
in an anticlockwise direction so that W. Australia nearly touches 
the west coast of India. 
Without going into the details of these assemblies, it is 
submitted that the geological similarities brought out in the 
above section do not favour a separation of India and Australia 
as is suggested by placing Antarctica between these continents. 
Though broad geological similarities between India and S. 
America, for instance, do exist, it is submitted that the ' match' 
is often not as perfect as suggested by the above lines of evi-
dence between W. Australia and S. India. So little is known 
about the geology of Antarctica that any supposition can be 
made about the rock formations in that vast continents, but the 
few hints given above do not favour a very close relationship 
Joyce's map is obviously wrong and the west coast of India has 
nothing in common with W. Australia. 
The major Cretaceous faulting on this assembly is shown 
in Fig. 1, and it is significant that all the faults appear to 
run into one another and then into the Baluchistan Orocline 
(Carey, 1955). Carey (ibid.) explains the cause of this faulting 
and the present writer finds himself in full agreement with the 
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views expressed by this eminent author. Exceedingly interest-
ing is the continuation of the Godavari Valley system of .faults-
into the Darling Fault in the Irwin River-Collie Basin area. 
The major direction of faulting in the N. W. Basin is N. 15°W. 
and N. 75°W. (Condit et al, 1936, p. 1060) and the latter run 
into the Darling Fault just outside the present shore of 
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Australia. The continuation of the Mahanadi system of faults 
runs directly into the Desert Basin, where the Pinnacle and 
Mt. Fenton Faults run parallel in direction, approximately 
N. 53°W. No orogenic trends, like the Hercynian or the 
Caledonian of Europe and America, are yet known to cut across 
the west coast of Australia or the east coast of India, but in this, 
the only case of structure known, the correspondence appears to 
be very close indeed. 
The present writer is, therefore, of the opinion that in all 
future attempts at Gondwanaland assembly—and the problem 
is far from being solved—India and Australia should be regard-
ed as inseparables, as inseparable as Africa and S. America are 
considered at present. 
It may, however, be pointed out that a combination of Carey's 
1951 and 1954 assemblies may be nearer the truth. Thus, to 
the present writer it seems imperative that India should be 
allowed to slide further ' southward' than is shown in the 1951 
assembly, and the position allotted to it in the 1954 assembly 
appears to be correct. On the other hand, E. Australia should 
fit close to S. Africa, as shown in the 1951 reconstruction. If 
necessary, Ceylon may be shifted to the ' west' of India, for it 
has more in common with the south-west coast of India than 
with the adjacent parts of the present mainland. 
CONCLUSIONS 
The present study leads to the conclusion that close similarities 
exist between Peninsular India and Western Australia. These 
features can only be explained if these continental areas were 
originally lying in close juxtaposition, and were separated some-
times late in the Cretaceous Period. Repeated, more or less 
simultaneous, glaciations—particularly the two horizons in the 
Vindhyan and Nullagine Systems and then in the Permian 
Period—in continents lying in different hemispheres cannot, it is 
pointed out, be otherwise explained satisfactorily, especially 
when it is considered that these refrigerations, apparently, did 
not affect the entire earth. The present writer is, therefore, of 
the opinion that in all future attempts at reconstruction, India 
and Australia should be treated as ' inseparables' like Africa and 
South America. 
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It is pointed out that no reconstruction offered to-date is 
altogether satisfactory, but Carey's 1951 reconstruction may be 
much nearer the truth than any other offered so far. 
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A Preliminary Nate on the Possibility 
Finding Concealed Barakar Coalfields in Mi^ 
F. AHMAD 
The paper forms a natural sequence to the earlier published paper "Paleogeographic maps of the Gondwana 
Period" but deals exclusively with the Barakar Epoch which was the main coal forming ft -/ in Indian 
geology. The author differs with most of the earlier writers that Gondwana sedimentation hu„ /ff\t^kj>j! 
in block faulted basins and submits that the faulting took place at a much later date. He cite.- - ^ H F V - i 
coal discovery in Bogra district, E. Pakistan to suggest that coal does exist outside the ' uno*-^ vk 
faulted troughs. In map in Fig. 2, he excludes all the areas where coal could not have been jot • < ind 
also areas from which it has been removed subsequently, and then proceeds to chalk out the u .... *ere 
concentrated work and exploration should yield good results. 
THE report of the discovery of coal in a well near Nagpur a few years ago attracted consider-
able attention and revived the question of the possi-
bility of the existence of more hidden coal seams in 
other parts of India. This question has, indeed, 
intrigued the Indian geologists for several years and 
a definite attempt was made during the years 1919-
21 when a 1,217 ft. hole was drilled near Bhusawal 
in the State of Bombay, and failed to penetrate the 
traps. No one has any idea what thickness of post-
Lower Gondwana sediments would have been en-
countered if the bore-hole had bottomed the traps, 
and whether or not any coal existed underneath. 
Fox, who selected this site, wrote an interesting and 
informative paper, which was later published (1925). 
Speculations about the possible existence of hidden 
coal seams have, however, been restricted to the 
areas considered possible under the palaeogeogra-
phic set-up suggested by Fox, who envisaged all coal 
deposits to be limited to well-defined block-faulted 
basins. According to this concept no coal could be 
found outside these basins since none was ever 
formed there. 
The present author has, in a recent paper pub-
lished in the Indian Mining Journal (Vol. VI, No. 1) 
suggested a significantly different form of the basin 
for the original Gondwana deposits and asked for 
comments on this new approach. Since no adverse 
comments have been received, it appears justified to 
presume that the views expressed therein have had 
a favourable reception. This would, however, neces-
sitate a revision of Fox's opinion contained in the 
above paper, and throw open comparatively large 
areas in which such coal deposits may at least be 
looked for. The present study is, on the other hand. 
i. sequel to the author's earlier paper, mentioned 
above, and should preferably be read in conjunction 
with it. More detailed analysis of the evidence sup 
porting the author's point of view is, however, heing 
published in a paper on "the Gondwana \ u of 
sedimentation in India", in the Records of fa. ^to-
logical Survey of India, Vol. 86, pt. 3, as well as in 
the Memoir of the Geological Survey of India Vol 
90. 
BASIC EVIDENCE 
The basic idea advanced by the author is, in fact, 
the same as was held by Gee (1932), Jowett • % i>25) 
and a few others that there is no reason to believe 
that the Gondwana sedimentation, as seen to:4y, 
was limited by any structural feature, and it oust 
originally have been much more extensiv-. 1 ' % 
thought that the sediments have been preserved by 
subsequent faulting. These earlier writers, however, 
did not advance any arguments in support of their 
belief and, therefore, failed to convince those of the 
other school of thought. The recent discoverv of 
Gondwana coal at a depth of about 8,000 ft. in East 
Pakistan strongly supports the above view. The area 
is distinctly outside the rift valleys envisaged by Fox, 
but is, in the palaeogeographic maps published in the 
Indian Mining Journal, mentioned above, included 
in the belt of "mixed facies", where formation of 
coal was not only considered possible, but was 
thought to be very probable. This discovery had, 
thus, been anticipated. 
Much work has been done since the time FAX 
postulated the environmental conditions still held in 
many quarters in the country, and new techniques 
have been developed to study sediments and Sedi-
mentary rocks. Making use of this advance in kr ow-
ledge the present author has pointed out that cei tain . 
features observed in the field are incompatible *4tk-l 
Fox's conception and has reconstructed the Gond-
wana Basin of sedimentation with the aid of isoj lach 
lines, a technique now being widely adopted in the 
Istady of sediments and basins in America, particu-
'lawy in their search for oil, but has, to the author's 
•;' knowledge, never before been used in India. In the 
"\ present study the focus of attention is the Barakar 
Epoch, and the basin that must have received the 
sediments at the time. The application of the techni-
kque to problems of economic geology is also indi-
cated. 
To recapitulate, mainly for the benefit of those 
who have had no access to the earlier paper (men-
tioned above) by the present author, it may be stated 
that the lines of argument advanced against Fox's 
'rift valley' theory may be summarized below: — 
1. Sedimentary fades.—There is no change of 
fades towards the fa i^lt lines, there are no 'fanglo-
teralK' etc. li^^actural evidence.—A large part of the north-
ern bcojndary of the Raniganj trough is not faulted, 
whereas the throw of the southern fault is estimated 
to fee of the order of 9,000 ft. Yet the thickness of 
the individual beds or the character of the sediments 
do not change towards this fault, in fact the changes 
Jre at rightangle to this, i.e., in the east-west direction. 
3. Outliers.—Extensive outliers are present outside 
the known rift valleys and their presence was never 
Satisfactorily explained by Fox. Singrauli Coalfield, 
in which a thick coal seam has recently been proved, 
shows no indication of a boundary fault. 
4. Character of sediments.—There is a general 
sjjjalarity in the character of the sediments in these 
outliers and those in the block-faulted basins. 
5. Identical sections.—Sections on either side of 
the faults met within the mines are identical, and 
tritfre are no unconformities or disconformities pro-
duced by these. 
-"fn addition, attention may be drawn to the excee-
dingly significant remarks by Auden (1949; pp. 
l'3§-6) that most of the dykes in the Damodar Valley 
"extend to the north into the Archaeans" but 
"ajppear to terminate against the southern boundary 
fatlt with a great downthrow to the north". This, to 
this author's mind, leads to the only conclusion that 
at;.the time of the intrusion of these dykes the south-
erp boundary fault already existed, and effectively cut 
off the vents through which the magma was coming 
up, while the northern boundary fault came into being 
at a later stage. This, in turn, leads to the only obvi-
ous conclusion that the block faulting was not simul-
taneous with the deposition, but in fact, the two main 
faults were not, even approximately, of the same age. 
Jowett and Gee thought that the faulting was of 
Triassic or Jurassic age respectively, but if the dykes 
f genetically connected with the Deccan Tras, as is bved in many quarters, the faulting must, on the ve evidence, be of about the same age, i.e. Upper 
Crecaceous; the northern boundary fault must actually 
have been younger, and may be placed in the lower 
^ ,ieene age. 
T»aLAEOGEOGRAPHY OF THE BARAKAR EPOCH 
The! suggested form of the basin, as deduced by the 
isopachs, is given in the paper mentioned above. This 
covers the entire Damuda period and is not restricted 
to the main period of coal formation in India. The 
palaeogeographic maps presented with the present 
study differ, ever so slightly from those presented 
earlier, and the main basin was already well defined 
by the end of the Barakar times. The Raniganj Coal 
Measures are apparently restricted towards the west 
and their extension to the east is worth working for. 
Figs, la and lb are two alternative reconstructions 
of the palaeogeography of Peninsular India during 
the Barakar Epoch. It will be noticed that in the 
Damodar Valley the thicknesses increase very defi-
nitely towards the east, from about 1,000 ft. in 
Singrauli and 900 ( + ) ft. in Ramkola to 2,690 ft. in 
Bokaro and 3,000 ft. in Ramgarh. The same feature 
is present in the Godavari Basin and most probably 
also in the Mahanadi Valley. Only in the Narmada 
Valley the sediments seem to thicken towards the 
west. While this may mean a local embayment, as 
indicated in Fig. lb; it may also mean that a cratonic 
area to the north and north-west of Nagpur (the 
Chindwara Isthmus) separated the two basins, as 
brought out in Fig. la. 
Some authorities have considered it possible, purely 
on palaeobotanical evidence, that these two basins 
were separated, though they base their conclusion on 
the evidence for a later period, and thus the presence 
of this positive area in the reconstruction is remark-
able. This reconstruction also suggests that the 
Umaria Marine Bed had a more probable connection 
to the southeast. This view fits in with the compari-
son of the Umaria fauna with the Anthracolithic 
fauna collected by Coggin Browne (1912) from 
Subansiri boulders, and has been strongly stressed 
by Thomas' (1954) comparison of the fauna with 
that from the Lyon's Group in Western Australia. 
Of particular importance in this connection is the 
presence of Calceolispongia in the Umaria bed. This 
particular genus has so far been reported only from 
Australian waters (Timor, Western Australia, and 
Tasmania). The recent report of the presence of 
marine fauna in the Hasdo River, (Manendragarh), 
at an apparently lower horizon indicates that, may 
be, in this region marine conditions existed even 
earlier and extended by inter-tongueing into the 
Umaria basin (Ahmad, 1954). Although this con-
nection is equally feasible on Fig. lb, the author is 
inclined to the reconstruction produced in Fig. la. 
It is possible that at a later stage, perhaps in the 
Raniganj times, even the Chindwara Isthmus, due 
primarily to negative epeirogeny, helped by rapid 
erosion, became a part of the basin, and the two 
separated basins became unified into one. At this 
stage, perhaps, the eastern part of the Vindhyas 
also became part of the Gondwana basin. A progres-
sive extension of the vast basin of sedimentation is 
evident from the widespread overlapping of the 
younger formations on the pre-Gondwana basement. 
The position in the Narmada Valley is, obviously, 
difficult. On the available evidence it i's not possible 
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to state whether the main basin extended more to the 
north or to the south of the Mohpani-Pench Valley 
Coalfields. This can, however, be reasonably well 
determined by concentrated fieldwork in the criti-
cally important areas, and by taking the help of 
isopach and lithofacies maps. 
It is considered that at the end of the glacial 
period the entire Peninsular India was peneplaned. 
Innumerable moraines and glacial lakes must have 
existed, but newly born rivers, helped by epeirogenic 
conditions, converted a vast area on the east coast 
into a basin of sedimentation. There might have been 
a narrow basin—may be the basin of a single river,— 
towards the west, till it was captured by the more 
powerful system on the east. These two, originally 
separated basins, might have passed into the predo-
minantly marine basins towards the present coastal 
area, which, apparently, extended over considerably 
large parts of the eastern part of the Peninsula. 
Eustatic changes could, temporarily, have extended 
these areas and produced the tongues, one of which 
left the -Umaria Bed behind. 
If this interpretation is correct, and there does not 
seem to be any thing against it, the sedimentation 
in the Barakar Epoch was limited to the area marked 
in Fig. la, and so were undoubtedly the coalseams. 
Where preserved, this wealth should be available to-
day, and the preservation need not have been due to 
faulting alone. It could have indeed been the result 
of the continuation of an area in the basin. 
Gee, Jowett and others came to the conclusion that 
the preservation of the coal seam was entirely due to 
block-faulting. Their conclusion was correct for the 
Damodar Valley, but need not hold for the entire 
Gondwana basin. The present author considers, for 
instance, that there is no evidence for block-faulting 
in the Singrauli Coalfield, and there are other, though 
smaller, areas where signs of block faulting are not 
to be seen. The discovery of the thick seam in Bogra 
(East Pakistan), mentioned earlier, is in full accord 
with this view. 
It may, then, be seen that if neither the deposition 
of the Barakar sediments nor their preservation is 
dependent upon block-faulting, there would be good 
reason to expect coal to be present wherever younger 
beds exist within the original Barakar Basin of sedi-
mentation, as brought out in Fig. la, provided, of 
course, that these were not removed in the period 
between the coal formation and the deposition of 
these younger beds. Locally this could have taken 
place during the Triassic period when the basins 
were considerably restricted, (see Fig. 2; Ind. Min. 
J own. Vol. VI, No. 1). 
THE PROMISING AREAS 
The most promising areas have been marked in 
Fig. 2, and may be discussed under the following 
heads: (i) the Rajmahal area, (ii) the Changbhakar-
Umaria area, (iii) the Nagpur-Hyderabad area, (iv) 
the Narmada Valley, and (v) the Mahanadi Delta. 
These are reviewed here briefly: 
The Rajmahal area.—The present exposures of 
coal seams lie below the Rajmahal Traps which are 
considered to be thickening towards the north, and 
apparently reach a visible thickness of 2,000 ft. The 
best area, therefore, appears to be towards the south 
and south-east. It may here join the Damodar Valley 
basin and carry coal even in the Raniganj Stage. On 
the east it is very likely to extend to the Garo Hills, 
though exploitation may be limited because of the 
thickness of the overlying alluvium, as has happened 
in the case of the Pakistan discovery. 
Two tube-wells drilled under the direction of the 
Exploratory Tubewell scheme in the gap between 
the Garo Hills and the Rajmahal Hills are said to 
have encountered basement rocks at depths of less 
than a thousand feet.* Without anticipating the con-
clusions that the geologists incharge of the explora-
tion may have arrived at—and to them is due all the 
credit—it may be pointed out that two possible 
explanations offer themselves. Either the cratonic 
area in northern India extended much further east 
and the isopachs should be taken round it some-
where in the present Assam area or else this narrow 
belt was structurally uplifted along with the Garo 
Hills, and was stripped of all sediments. Later it 
again came to be part of the basin and about a thou-
sand feet of alluvium have been deposited. The 
author is inclined to the latter possibility and to 
agree with Mallet (1874) when he envisaged the 
Darjeeling coal basin to extend to Peninsular India. 
The point was discussed at a symposium organised 
by the National Institute of Sciences of India and 
the proceedings were published in their Vol. XV 
(1949). Dey (ibid; p. 409) remarked "The gap was 
certainly in existence in Lower Gondwana times". 
It is, then, possible that coal, covered by not too 
great a thickness of alluvium, may exist on either 
side of this belt of basement rocks, and this deserves 
investigation. The thickness of the alluvium and 
overlying beds may increase fairly rapidly further to 
the south and southeast, and has been found to be 
about 8,000 ft. in Bogra. To the north of this belt 
the thickness of the Traps may prove to be the limit-
ing factor. Nearer to the exposure of Gondwana 
rocks below the Garo Hills it may again be possible 
to encounter workable seams within a reasonable 
depth below the surface. 
The Changbhakar-Umaria area.—This area may 
further, be subdivided into two, Changbhakar and 
the Umaria. The former appears to be promising. 
Post-Damuda Series beds cover this entire tract. Re-
cent work, indicating the presence of a thick seam in 
the Singrauli Coalfield, suggests that the conditions 
suitable for coal formation might have existed in this 
entire area and one can, almost, predict the presence 
of workable coal seams in the Changbhakar area. 
The lack of communication and the difficulty of ter-
* The significance of this discovery was also discussed at a 
recent symposium organised by the Oil & Natural Gas 
Commission. 
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rain may, however, stand in the way for some time 
to come. 
The Umaria area may not be as rich. Even the 
Umaria seam is poor, and nearer to the cratonic area 
conditions might have been less suitable. A small 
area to the south-east may, however, contain fair 
coal. 
The Hyderabad-Nagpur area.—This area is almost 
as promising as the Changbhakar area and recent 
discoveries are encouraging. Its extent to the north-
west is, however, not known, but may be predictable 
by detailed fieldwork and the preparation of large 
P * ^ • • - ' - . : • 
scale isopach and lithofacies maps. The limiting 
factor for workability may, however, be the thick-
ness of the overlying traps and of the Upper Gond-
wana beds that may be present. Detailed investiga-
tion is, nevertheless, called for. 
The Narmada basin.—The doubtful extent of this 
large basin makes consideration here rather prema-
ture. It has, on the other hand, already been men-
tioned above that large scale palaeogeographic maps 
are needed for this area, and would be of immense 
help in locating the extent of the basin and its past 
connections. This can be done even before drilling 
PENINSULAR INDIA 
SHOWING 
AREAS WHERE CONCEALED COALFIELDS ARE POSSIBLE 
I N D E X . 
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Yf/f/fA ffhert the presence of yOunfer beds hotdi Out iprgmttt 
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FIGURE 2 
JOURNAL OF MINES, METALS & FUELS, October, 1959 5 
and «nher detailed investigations are taken up. The 
Bhusawal boring has indicated that the trap is likely 
to b^ more than 1,000 ft. and as in the case of 
Hyderabad-Nagpur area, the Upper Gondwana beds 
may 'have to be contended with. This combination 
may really make the area unworkable, atleast for the 
time being. 
The Tapi Valley still appears to be promising, 
though the extension of the Barakar Basin to this 
area is only conjectural at the moment. 
J/ie Mahanadi-Godavari deltas.—The possibili-
ties of getting workable coal seams in these areas 
cannot be ruled out and have, indeed, been envi-
saged in the past also. It is, however, surprising that 
no iiivestigation has ever been contemplated. 
CONCLUDING REMARKS 
This: brief study is meant not only to stimulate 
thinking on new lines and to focus attention on the 
areas which may possibly carry concealed coalfields, 
but also to drau "tention to the possibilities of 
employing the technique presented on a larger scale. 
Admittedly the present study is not an end in itself 
and what is needed now is that large scale accurate 
palaepgeographic maps of the promising areas should 
be prepared, and drilling should be taken up only 
after these have been studied in all possible details. 
The present author had taken up this line of 
approach but much of his time is now being taken 
up by work in the Groundwater Exploration Section 
of the Geological Survey of India, and he feels that 
the suggestion should be taken up by those who are 
in more direct contact with coal basins. 
The^ present study fails to bring out a number of 
points of detail, e.g., there might have been a number 
of lo;al promontories, and if these are pre-deter-
minec the cost of drilling may be affected advan-
tageoasly. It is, therefore, desirable to insist on all 
field parties to accurately measure as many sections 
as they can, even though the work may appear to be 
exacting and time consuming. They should also be 
asked to exactly locate any marker horizons on the 
maps ?...j prepare and to record the, thicknesses of 
intervening beds wherever more than one marker bed 
is available for study. 
This study does not take into account such areas 
as lie within the working coalfields but have not 
been explored because thick younger Gondwana beds 
overlie them, nor does it deal with areas that may 
carry coal in the Raniganj Coal Measures. But it can 
confidently be stated that no Barakar coal can rea-
sonably be expected outside the areas shown in 
Fig. 2 in Peninsular India. The Bogra coal find has, 
on the other hand demonstrated that coal may be 
found outside the block faulted basins delineated by 
Fox and others. 
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ABSTRACT 
The Vindhyan Range has played a very important part in the history 
of the country and received early attention from geologists. Yet, no 
general or regional stratigraphic study of the System has ever been 
carried out. The present paper attempts this in the light of modern 
knowledge of sedimentation and tectonics, and gets good help from some 
recent discoveries. 
2 GSl/58 8 
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It appears that, except for a narrow southern strip, no part of the 
Gangetic Plain, is underlain by Vindhyan rocks. Apparently the area 
was part of an extensive Craton, herein called the Aravalli Craton. 
Sediments now seen in the Vindhyan formations were probably derived 
in large part from this source, as were probably the diamond bearing 
conglomerates near Panna. The author does not believe that the Aravalli 
Range stood as a mountain system at the time, nor that the Western 
Rajputana Basin was altogether independent. There is distinct evidence 
of simple epeirogenic movement throughout the area of Vindhyan deposi-
tion. It is postulated that a large river flowed into the Vindhyan Basin 
near Rohtasgarh from somewhere in N.E. Assam. This river has been 
named the Auden River. Sometime during Kaimur times a new basin 
was formed in S.E. India and it is believed to have overlapped extensively 
over the underlying deposit. Its extent and connections are, however, 
not clear at the moment. 
The paper takes note of the two glacial horizons reported from the 
Vindhyan System in recent years and suggests that the Son Valley 
escaped the ice cap. A Tundra climate comparable to the present condi-
tions of the Ob, Yanisei and Lena basins is believed to have prevailed 
there. Occasional freshwater lakes, in which the Susnai ' Breccia' was 
formed out of rafted material, are envisaged. 
A general correlation with the Nullagine Series and the Sturtian 
System of Australia, the Nama System of S. Africa and the Karagwe 
System of Central Africa is suggested. It is believed significant that 
both the Nullagine Series and Vindhyan System include tillites at the 
base and a diamondiferous horizon higher up. This is taken to indicate a 
former proximity of the two continents. 
INTRODUCTION 
The idea that led to this study came from a paper by Fermor 
(1930) in which the age of the Aravalli Range is masterfully 
discussed and incidental reference is made to the Great Boundary 
Fault. Fermor was, unfortunately, obliged to leave the question 
of the age of the fault unanswered, but his suggestion was that 
a stratigraphic and palaeogeographic study of the entire 
Vindhyan System might yield the secret. It was realized that 
knowledge of the age of this faulting would help solve one of 
the major problems of Indian geology. 
The author's acquaintance with the Vindhyan System is not 
very extensive. Some years ago he spent considerable time 
mapping the Bijawar Series which lies below the Vindhyan 
System in Mirzapur district, U.P. He had then the good fortune 
of camping with his colleague, Mukti Nath, who was conducting 
an economic enquiry, for the second year in succession, in the 
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lowermost Vindhyan beds. The area had been mapped by 
Auden. The author, along with Mukti Nath, examined several 
sections with the help of Auden's admirable map. Indeed this 
was necessitated by the fact that the author was concentrating 
on the boundary between the two formations. Later this 
-acquaintance was repeatedly renewed in different areas and then 
the author examined the Gangau Tillite along with Kedar 
.Narain and in the same year, accompanied by G. C. Taylor of 
the U.S.G.S., who was then on deputation with the Geological 
Survey of India and B. P. Tewari, paid quick visits to various 
areas in Rewa, Panna, etc., in the Central Vindhyan area in 
•connection with some water-supply investigations. The present 
paper, therefore, admittedly depends largely on the work of 
•earlier workers who had carried out detailed surveys of small, 
independent areas. Fortunately most of these were scientists of 
repute and their work is generally reliable. 
The Vindhyan System covers some 70,000 sq. miles in 
Central India. The area is considerably greater if the Kurnool 
Series, with which its correlation is generally accepted, is also 
included. There are rocks, e.g., the Bhima Series, the Haimanta 
Series and others, in other areas, with which its correlation is 
strongly suggested. 
The maximum preserved thickness of the Vindhyan forma-
tions is more than 15,000 ft. in the Dhar Forest area, where the 
beds are remarkably fresh-looking, and metamorphism is cons-
picuous by its absence. The Vindhyan Range has, moreover, 
played an important part in the history of the country, having 
checked many an invasion and supplied building material for 
many forts and palaces. Economically, too, it is coming more 
-and more to the front with its large quantities of good quality 
limestone and the Panna diamonds. 
PREVIOUS LITERATURE 
The Vindhyan Range attracted early attention among geolo-
gists and Capt. Dangerfield (1823) appears to have been the first 
to examine it, but it was Dr. T. Oldham (1857) who divided it 
into Kaimur, Rewa and Bhander Series, and suggested a Cam-
"brian age for the system. Soon after, in 1859, Medlicott published 
a detailed Memoir about it and suggested that the sub-Kymores 
of Oldham should be included in the Vindhyan System as Semri 
Series. About a decade later Mallet (1870) made a reconnaissance 
8A 
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of the eastern part of the range. Though his studies were only 
of preliminary nature, and many problems were left tantalisingly 
unsolved, Mallet's Memoir is still a mine of information. Bose 
(1884) carried out a survey of the lower Narbada Valley anc 
later Oldham, Datta and Vredenburg (1901) published a detailed 
Memoir, which made a valuable contribution to the knowledge 
of the System. Continuing his work in the area, Vredenburg, in 
1906, published two papers simultaneously and introduced a new 
classification (which, however, did not find much favour with 
the Indian geologists) in which the Upper and Lower divisions 
were abandoned in favour of the Ken and Bhander Series, the 
former including all the beds up to the top of the Rewa Series. 
Heron spent a lifetime surveying Rajputana and published 
several papers in the Memoirs and Records of the Geological 
Survey of India, the Indian Institute of Sciences, and elsewhere. 
His knowledge of the various systems in that part of the country 
was consequently intimate. La Touche and Coulson also mapped 
parts of Rajputana, but the paper by Auden (1933) on Vindhyan 
Sedimentation in Mirzapur is perhaps the greatest contribution 
to the understanding of the System. Indeed this is the only paper 
on different aspects of the system have been published in the 
techniques are used. 
In addition to these exhaustive treatises several short papers-. 
on different aspects of the system have been published in the> 
Records of the Geological Survey of India. Such was Fermor's 
paper describing a purely theoretical study on the age of the 
Aravalli Range, mentioned above, and Blanford's suggestion 
(1877) that the tillite near Pokran could belong to the Vindhyan 
System. In this belief he was followed by Oldham (1888) who, 
however, later revised his opinion and considered it to belong 
to the Talchir Series. An interesting study on the Palaeozoic 
palaeogeography of the region was presented by Sahni (1941). 
In recent years evidence of glaciation has been reported to occur 
in the basal beds of the Vindhyan System as well as in beds 
higher in the system. Among those reporting such evidence are 
Dubey and Chowdhury (1951), Ahmad and Narain (1954) Law 
(1954) and Ahmad (1955). 
The entire Vindhyan System is almost devoid of recognizable 
fossil forms, even though a thickness of several thousands of feet 
of strata are admirably suited for their preservation. The fossil 
discovered in the Suket Shales some years ago was originally 
described as a brachiopod by several palaeontologists of repute, 
including Sahni (1936), but Sahni and Srivastava (1954) have-
PART 3] AHMAD : Palaeogeography of Central India. 517 
recently published a restudy and describe it as a vegetable pro-
duct of Cambrian age. This, however, does indicate that little 
reliance can be placed on this fossil. In the meantime Sitholey 
et at (1953) have published a paper describing the spores found 
in the Upper Vindhyan beds, on the basis of which they have 
assigned a Cambrian age to the zone. Some other fossil dis-
coveries, such as those of Misra (1949) in the Rohtas Limestone 
suggesting a Devonian age, and by Rode in the same zone in 
another locality indicating an early Palaeozoic age have, how-
ever, not been confirmed. The absence of life continues to be 
more or less a puzzle, but is not a unique feature, for neither the 
Sturtian beds in Australia nor the Karagwe System of Central 
Africa, believed to be equivalent on general stratigraphic 
grounds, have yielded any fossils from a thickness of several 
thousands of feet of strata. 
PEE-VINDHYAN FORMATIONS 
A large variety of rock formations underlie the Vindhyan 
System, the contact everywhere being marked by a more or 
less distinct unconformity. It is impossible to give here a de-
tailed description of the underlying beds and the reader will 
have to be satisfied with the briefest resume of geologic events. 
The great difficulty in describing the geology of the entire 
Peninsula of India is that a large part is coverd by trap, and 
further, that no fossils are known to occur in beds older than 
the Upper Palaeozoic, nor have modern methods of correlation 
been extensively applied. Outside the Peninsula the Indo-
Gangetic alluvium obscures a large area, and exposures in the 
Himalayas are rather inaccessible. 
It is probable, as shown later, that in the Peninsular area 
itself Vindhyan sedimentation took place in two separate basins, 
a northern and a southern. In both of these basins Vindhyan 
beds lie upon rocks believed to be ancient gneisses. 
The Dharwar System is a name applied to the oldest distinct 
sediments in India. Again, their correlation is vague and un-
certain. The Cuddapah System comprises a great thickness of 
"beds which are.still comparatively unaltered, even though they 
have been extensively intruded by acidic and basic rocks. They 
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overlie the Dharwar beds and both are, in turn, overlain by the-
Vindhyan System in different areas of the Southern basin. 
There appears to be no basis at the moment of correlating the 
Bijawar Series of Central India with the Cuddapah System, as 
these deposits are known from widely separated basins, while 
formation much closer together are sometimes difficult to corre-
late. In this category fall the Bijawar Series of the type area 
and those of the eastern part of the Son Valley. Lithologically 
they are quite different, and the only basis of correlation is that, 
the eastern exposure is unconformably overlain by Jungel Series, 
which most probably is younger than the true Bijawar Series as-
it carries pebbles of red-jasper known in situ only from the latter 
(Pascoe, 1950, p. 380). 
The Jungel Series underlie the Vindhyan System in this area, 
with a distinct unconformity and so does the Gwalior Series 
farther west 
The Delhi and Aravalli Systems are quite distinctly of sedi-
mentary origin, but have been subjected to intrusion by granites, 
pegmatites, etc., as well as to forces of compression and strong, 
metamorphism. Their correlation with formations in S. India is 
again conjectural. 
This uncertainty of correlations pervades the Vindhyan 
System itself, and it is not known whether any of its different 
formations in S. India were really coeval. Even in Western: 
Rajputana the correlation is, unfortunately, entirely conjectural. 
With the beds in the Himalayan geosynclin.e there is, perhaps, 
no basis for correlation, but a lead is offered here and this applies 
also to the beds in the Chhattisgarh Basin. 
VINDHYAN STRATIGRAPHY 
The area now occupied by the Central India exposures of the 
Vindhyan System is larger than that of any other formation in 
the Peninsula. The southern basin covers an almost equal area. 
It appears certain that parts of the deposits of these basins are 
concealed below the Deccan Trap. The aggregate area of the 
deposits is, therefore, enormous. The lith0logy remains rela-
tively unchanged over these vast areas, and this has surprised 
many an observer. It will be shown herein that this was a direct 
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consequence of epeirogenic conditions and the consequent 
environments at the time of deposition. 
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The Vindhyan System is divided and sub-divided into series, 
stages and beds, even though the use of these terms is not in 
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strict conformity with international usage. The following com-
posite section has been adapted from Auden, Heron and Coulson 
and is not therefore applicable to any single area. 
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Though not seen everywhere, due presumably to overlapping 
by younger beds, the basal Vindhyan sediments are conglomer-
ates. It has, in the last few years, been demonstrated that this 
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so called conglomerate is of glacial origin in certain areas. Dubey 
and Chowdhury (1951) and Ahmad and Narain (1954) have report-
ed on the occurrence near Gangau, while Law (1954) has express-
ed a similar opinion about the basal beds in parts of the Son 
Valley. Heron has described a conglomerate from half a mile 
E.N.E, of Binota with boulders " two feet or more in diameter " 
from the basal beds of the Vindhyan System. The last two areas 
mentioned above are separated by a distance of over 400 miles 
and land ice is distinctly suggested. In the eastern part of the 
basin the conglomerate is either not characteristic or is absent 
altogether, and it appears probable that the eastern limit of 
glaciation was somewhere near the Rihand-Son junction. 
Distinct varvites and striated boulders have been reported 
from near Gangau (Chowdhury, 1953). Apparently the deposi-
tion here was on land and freshwater conditions prevailed. 
The overlying Kajrahat Limestone is restricted to the Lower 
Son Valley. In places it is over 2,000 ft. thick. The deposition 
appears to have been on a very uneven surface and the thickness 
varies in adjacent areas. 
The Kajrahat Limestone is overlain by the Porcellanite Stage 
which comprises arkoses, fine-grained sandstones with consider-
able proportions of clay, silt, shale, local conglomerate (at the 
base) and porcellanite. Vredenburg suggested that they were of 
volcanic nature. 
The author is, however, of the opinion that they could be of 
glacial origin. They obviously differ from typical varvites, but 
this may only be due to the sedimentation having taken place 
in marine environments. Glacial deposits and volcanic ash are, 
sometimes, known to be very similar in texture, appearance and 
even in microscopic character. Thus Pettijohn (1949, p. 266) 
states that " Under the microscope the texture of the tuffs resem-
bles rather closely that of greywacke and also certain tillites ". 
In this connection it will, perhaps, be pertinent to point out 
that from western Rajputana Blanford (1877, p. 17) has described 
" Peculiar green, red and variously coloured shales, occasionally 
soft, but often hard and porcellanic. Some are fine, others are 
coarse and sandy, and contain grains of felspar, and of a green 
mineral resembling epidote ". This is associated with the definite 
tillites of Lowo and Pokran, which will be referred to later. It 
will also be shown that the term " Porcellanite " appears again 
and again to describe shales that occur with definite tillites, and 
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the association appears to be significant. As against their being 
of pyroclastic origin there is indeed the admitted absence of any 
extrusives of the age from known areas unless these be the 
Malani Rhyolites over 500 miles away. The great thickness of 
these porcellanites in the lower Son Valley (over 800 ft. in 
places) requires a persistent source not very far away. 
The possibility that these sources lie concealed has been envi-
saged in the past but does not seem to be a satisfactory explana-
tion. It will be shown later that the actual area of the overlap 
is inconsiderable, and the possibility of their lying hidden rather 
remote. 
PAIAEOGEOGRAPHY 
Of THE 
VINDHYAN-PERIOD 
SEMRI AGE 
FIG. 2. 
The entire formation is thinly bedded, and the thickness or 
individual beds hardly ever exceeds a foot. Most of the time 
it is an inch or less. It is also possible that the overlying Olive 
Shales are of the same character, and Auden (ibid, p. 157) makes 
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the significant remark that " their appearance is very character-
istic, sometimes exactly resembling the shales above the Talchir 
boulder bed in Raniganj coalfield", and these latter are of 
definite glacial origin. The Olive Shales could, then be of fresh 
water origin. Both these formations carry intraformational 
foldings on a minute scale, sometimes beautifully well preserved 
for class room demonstration as the features are well brought 
out due to distinct black and white bands in the Porcellanites. A 
fine locality for these is a little below Chopan. 
The overlying Fawn Limestone, Glauconitic Beds and Rohtas 
Stage have nothing of special note, except the fact that the 
last named is in places very suitable for cement manufacture, and 
hence of increasing economic importance. It is a persistent 
horizon and useful in mapping. Glauconitic Beds carry some 
bands of shales interbedded with limestone. These shales also 
sometimes carry intraformational folding. 
Discussing the distribution of the Semri Series, Mallet (1870, 
p. 29) points out that " The disappearance of the lower Yindhyans 
near Bilheri is due to faulting, not to extinction, but west of this 
they are only seen once again in small outliers near Kattungee. 
Along the upper part of the Narbada Valley a great fault brings 
the Rewa group in contact with the metamorphic series 
We cannot, therefore, determine the exact point at which they 
finally die out, but at the first natural junction in the Dhar forest 
no trace of the series remains ". 
Kaimur Series 
It is the scarps formed by the Kaimur quartzites that have 
given the Vindhyan Range its strategic significance and almost 
its entire prominence. Auden (ibid., p. 216) generalises that " the 
most striking megascopic feature of the Kaimur rocks are: their 
mainly arenaceous facies ; the commonness throughout of current 
bedding ; the abundance at certain horizons of ripple marks, sun 
cracks and more occasionally of rain drop impression". The 
Kaimur Series is divided into the Lower and the Upper Stages, 
but the lower stage is present only in the Son Valley. Westward 
the so-called Upper Kaimur Conglomerate overlies the Semri 
Series and overlaps on to older rocks. 
The Lower Vindhyan System comprises only one formation 
and the Upper commences with the Kaimur Series. The relation 
of the boundary is best told in the words of Oldham (1901, p. 26) 
when he explains "Along the boundary of the main area of the 
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upper Vindhyans there is either direct evidence of conformity 
between the Kaimur and Rohtas stages or an absence of evidence 
of unconformity. Where the Upper Vindhyan boundary turns 
southwards in Mirzapur district there is evidence that the lower 
Vindhyans have been elevated and exposed to denudation at the 
time the lower Kaimur sandstones were being deposited".* 
Loiter Kaimur Stage.—The Lower Quartzite is massive, gritty 
and sometimes conglomeratic. It passes upwards into thinly 
bedded lenticular flagstones and mudstones. This is overlain by 
black micaceous shales and interbedded with them are porcel-
lanites. 
The Upper Quartzite conformably overlies these shales. The 
junction is in places distinctly agglomeratic, e.g., in Susnai, and 
Fox (1928) considered that this should form the boundary 
between the lower and the upper Vindhyans.' He, therefore, re-
garded it to be an important horizon. Auden, accordingly 
examined it in detail and points out that in places there are more 
than one breccia horizons, and admits that in certain loca-
lities "there is good water rounding of the included fragments 
and porcellanites, and in addition there are some pebbles of 
jasper, further indication of an epiclastic origin. This locality 
is of interest in the presence of loose blocks of another breccia 
which is possibly autoclastic " (ibid., p. 174). The matrix of the 
breccia is occasionally current bedded, and contains " rounded 
and angular fragments of pale to orange weathering porcellanite'' 
(Auden, ibid., pp. 174-5), while near Chirhuli " a true chalcedony-
chert breccia was found as rare blocks near the Lower Kaimur 
sandstone outcrop. Nothing was seen in situ. This rock is cer-
tainly of autoclastic appearance. Normal Susnai breccia was 
found two miles to the west, slightly above the base of Lower 
Kaimur Quartzite, so this autoclastic breccia is probably an inde-
pendent phenomenon " (Auden, ibid., p. 177). Oldham points out 
(1901, p. 26) that " the fragments are always angular or only 
slightly rounded on the corners and are not found in the bottom-
most bed of the Kaimur, but some way, even to a couple of 
hundred feet, above i t :" Auden's Plate 10, fig. 2, however, dis-
tinctly indicates that this rounding is fair and has rather been 
belittled. He, however, himself tacitly admits that " the detrital 
nature of the Susnai rock can hardly be doubted. It is a breccia 
in so far as the included fragments are often angular. In manner 
* Krishnan and Swaminath (1959) stress this unconformity, and appa-
rently over-emphasise its significance. 
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of formation it is a detrital rock ". The import of these observa-
tions will presently be referred to again. 
FIG. 3. 
The Upper Quartzite is, in all respects, very similar to the 
Lower Quartzite. The grains are very rounded, and Auden 
considers this to be distinctly due to wind action. To the present 
author it, however, appears that Auden has somewhat misinter-
preted this abrasion, and current opinion certainly does not, sa 
unequivocally, favour an eolian origin for all rounded grained 
beds. Thus, Pettijohn (1949, p. 35) points out that "Available 
evidence suggests that roundness is a good index of the maturity 
of a sediment. Only well-washed, many times re^worked sands 
are well rounded or even moderately rounded." (Italics by the 
present author). Rounding of the grains is also affected by the 
composition of the sand and the amount of sorting it has been 
subjected to. Pettijohn (ibid., p. 426 et seq.) discuss this 
problem in detail and points out that many beach sands are well 
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rounded. It is, therefore, desirable to leave the question of the 
origin of these sandstones and the prevalent climatic conditions 
of the time as an open question for a while. 
The Quartzites pass upwards into Bijaigarh Shales, which 
are "black, carbonaceous, fine grained, micaceous and frequently 
petriferous". They die out completely somewhere to the west 
of Bardi, and thereafter the Upper and Lower Stages unite, 
except in Tirohan, where a limestone formation takes the place 
of this shale. 
The presence of coal in these shales has, on several occasions, 
been suspected by laymen but an analysis of a sample collected 
by Fox from Japla showed 77.18 per cent. ash. Vegetable matter 
had, presumably, drifted into the basin and this indicates vege-
tation in the provenance—a sharp contrast from the underlying 
quartzite times, when according to Oldham (1893, p. 96) as well 
as Auden (ibid., pp. 177-180) desert conditions prevailed. 
Upper Kaimur Stage.—In a composite section it will, perhaps, 
be desirable to divide it into two formations, the Upper Kaimur 
Conglomerate overlain by the Upper Kaimur Sandstones and 
•Quartzites. Auden's Scarp Sandstone and Dhandhraul Quart-
zite are equivalent terms, but restricted only to the eastern Son 
Valley. 
The Upper Kaimur Conglomerate is, in many places, distinct-
ly agglomeratic towards the base. While in other localities there 
-appears to have been a slight break between the agglomerate 
{or breccia) and the conglomerate, in Tirohan a limestone 
Tinderlies the breccia. This should apparently, be equated with 
the top beds in the Lower Kaimur Stage, i.e., the Bijaigarh 
Shales. 
This breccia, often referred to as Tirohan Breccia, forms, in 
many localities, the basal bed of the Vindhyan System, and has 
been the subject of controversy ever since its discovery. It has 
been reported from such widespread localities as Badanpur, 
Simir, Ranthambhor, Binota, Karauli, etc., and is said to have a 
maximum thickness of about 700 ft. near Kunmu. It, therefore, 
seems to deserve more than a passing reference and the author 
need not apologise for quoting extensively. 
Mallet (1870, p. 60) discussing the Karauli occurrence men-
tions "North of the quartzite sandstone and resting unconform-
ably on them are 300 to 400 ft. of a very peculiar breccia The 
breccia in some places is obscurely bedded, but it generally 
occurs in great masses devoid of any structure. It presents some 
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variety in appearance Numerous angular fragments of a white 
finely laminated siliceous rock are embedded in a compact 
yellow siliceous matrix. Similar fragments are also found im-
bedded in a white sandstone matrix". 
"In the hills north of Chuli it is impossible to separate the 
Kaimur sandstone from the breccia, the two rocks being inter-
bedded" (p. 61). 
Medlicott (1859) pointed out that the Tirohan Breccia has " a 
most irregular texture, there is no sandy matrix, a sintery or 
even a hyaline bond seems the commonest, with the agate, 
jasper and chert fragments in complete disorder. There is no 
appearance of broken stratification ". This last sentence is parti-
cularly significant in view of Heron's 'collapse hypothesis' dis-
cussed later. 
Heron (1922, pp. 145-6) agreed with the above when he stated 
"By far the most prominent and constant member is a siliceous 
breccia, the Tirohan breccia of Bundelkhand. 
"Perhaps its most common form is that in which sharply 
angular fragments of all sizes, of pure white compact smooth 
chert sometimes finely striped, are set in a duller cryptocrys-
talline siliceous matrix which may be white, yellow, pale brown 
or yellowish green. 
"The breccia is quite without stratification, in one or two 
places a rude 'scarp and dip slope' appearance could be seen 
from a distance, but near at hand it always appears a mass of 
fragments jumbled together without system". Also "being im-
bedded, the thickness of the breccia cannot be determined 
directly". He also makes an exceedingly significant observation 
stating (ibid., p. 153). " There is never a sharp junction between 
breccia and conglomerate such as would exist if the conglomerate 
had been laid down upon the surface of an already consolidated 
rock but there is always a transition between the two, a varying 
thickness of rock which has the characters of both and they 
sometimes pass into each other along the strike as well". 
A decade later he published another study and describing the 
Khatau exposure observed (1932. p. 486,) that " A few (inclusions) 
over a foot in dimension were seen, and they vary in size down 
to tennis balls and golf balls. All sizes are jumbled together 
and there is no sign of grading, nor of stratification". 
Various theories have been advanced to explain the field 
characteristics of this breccia. La Touche (1902, p. 27) thought 
that it was formed by in situ weathering of the rhyolite and 
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other volcanic rocks ; Oldham et al (ibid.! p. 13) considered it to 
be scree material, and Auden (ibid.) agreed. Of all the field 
geologists Heron appears never to have been able to make up 
his mind (even though he had by far the best opportunities to 
examine it) and gives a new explanation for every new locality 
he examined. Thus., in the Ranthambhor area (1922, p. 149) he 
thought it to be a "torrential deposit on land", but on the plain 
beyond it has the characters of a beach deposit; yet in Dhumur-
mal-ka-darwaza and elsewhere (see also 1932, p. 487) it is 
regarded as a "coarse river" deposit. But the most ingenious 
mechanism offered was to explain his so called "collapse hypo-
thesis" and discussing this Heron (1922, pp. 152-3) states that 
"The field evidence shows quite conclusively that the breccia is 
autoclastic". 
Then, (p. 156) " In many places, e.g., Naroli, and Jirota 
the visible top of the limestone carries many bands of smooth 
white chert (identical with the fragments in the breccia) in elon-
gated lenticular nodules, and uneven layers chiefly along the 
bedding planes, but also irregular in other directions." (Italics by 
the present author). Also " Judging from the comparatively small 
proportion of chert in the limestone which we now see either 
a considerable thickness of limestone must have been 
dissolved to form the great mass of breccia, or else chert must 
have been in larger proportion in the rock removed." This ex-
planation, though exceedingly ingeneous, does not explain the 
presence of rounded or subrounded pebbles and boulders of 
jasper, ironstone, etc. Moreover, limestone is present only near 
Tirohan and the hypothesis does not explain the occurrence of 
dentical breccia elsewhere. It seems hard to believe that solu-
;ion removed the last vestige of limestone everywhere else. The 
Dreccia, obviously, passes through distinct transition, both hori-
zontally and vertically, into conglomerate, as Heron (ibid., p. 153) 
juoted above, himself points out. This appears impossible to 
explain under his ' collapse hypothesis'. 
Auden (ibid., pp. 148-9), on the other hand, is worried about 
;he source of the jaspers, and states that " The underlying Bija-
wars are here purple slates and phyllites, without jasper so that 
t is necessary to assume the rolling down of scree from an area 
>f jasper rocks once at great height, and long since denuded." 
The difficulty with this hypothesis is that the supposed Bijawar 
jeds exposed in the lower Son Valley are very different from 
;hose in the type area. They are perfectly isoclinally folded, 
;hin bedded shales and are not known to carry any jasper beds. 
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Indeed they are themselves associated with a distinct tillite 
(Ahmad, 1954) and the possibility that the shales are glacial sedi-
ments cannot be ruled out. 
Fox (ibid., p. 27) points out that "The fact appears to be that 
the Kaimur Conglomerate does, in places, actually mark the 
base of the U. Vindhyans, because the two stages comprising the 
L. Kaimur are found only in the Son Valley". Explaining this 
further (p. 56) he stated "As to why there should have been a 
pause in the deposit of the sediments after the Tirohan limes-
tone was laid down I am at a loss to explain". The obvious 
inference is that while there was a period of "non-deposition" 
in the western part of the basin, sedimentation continued un-
hampered in the eastern part, the lower Son Valley, where the 
Lower Kaimur Stage came to be deposited. 
The present author, however, submits that non-deposition is 
theoretically difficult to envisage. The forces of nature have 
never been at a standstill and almost every square inch of the 
globe (except perhaps areas of very high slope under water) is 
either being eroded or is receiving sediments of one sort o r the 
other (including extrusive lava flows). In the former case a 
disconformity or an unconformity, however insignificant, results; 
in the latter the record is actually preserved, unless eroded away 
later, for the geologist to observe and decipher. There can only 
be one imaginable exception under each of the two heads dis-
cussed above. When an area is reduced right down to the base 
level, further erosion will cease, and deposition will obviously not 
take place either. This can, however, be a very temporary phase 
and very soon after the area either joins the basin of negative 
epeirogeny when sedimentation commences, or else renewed up-
lift and rejuvenation puts it back in the positive zone when fur-
ther erosion follows. In any case, the erosion that had resulted in 
tha reduction of the area to base level leaves its mark behind. 
The other case is that of an ice cap when centred over the ocean. 
Such a situation now obtains in the North Pole region. This ice 
cap cannot form any moraines as it has no land to erode. If such 
an ice cap extends to continental shelf area, and there exists a 
negative epeirogeny below it, there will, perhaps, not be much 
sedimentation except that formed by the casts of the relatively 
few sea dwellers, that can stand the cold, and some volcanic dust 
etc. added from the atmosphere to the top of the ice cap. The 
deposition under this rather unusual circumstance is very slow 
but perfect conformity with the underlying beds is likely to be 
maintained. It is possible, nay probable, that such a condition 
2 GSI/58 
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existed in most of the Vindhyan area below the Upper Kaimur 
Series. Only where the ice cap had some land to erode it formed 
the brecciated deposit or a till. It is, therefore, exceedingly 
significant that Ahmad (1955, p. 231) has reported a tillite from 
Pandava Falls, a few miles from Panna from this very horizon. 
Earlier Blanford (1877) had reported a tillite, from Pokran, under-
lying beds supposed to be the equivalents of the Kaimur Sand-
stones. Oldham originally agreed with him, but perhaps, changed 
his opinion when he himself discovered the Bap Tillite, some 
forty miles away, which he definitely assigned to the Talchir 
horizon. The interpretation that then found favour with the 
Geological Survey of India is best expressed in the words of La 
Touche (1902, pp. 31-2) " These beds were supposed by Mr. Blan-
ford to underlie the Vindhyan sandstone, Mr. Oldham was first of 
the same opinion....The difficulty of supposing that two exposures 
of such similar beds, separated by so short a distance horizontally, 
should belong to such different periods as pre- and post-Vindhyan, 
makes it almost certain that boulder beds at Pokran are faulted 
down against the Vindhyans". The fallacy of this argument—it 
presumably resulted in all the interpretations quoted above—need 
not be debated. It may then be conceded that Blanford was the 
first person to report a (?) Precambrian tillite, having earlier dis-
covered the first pre-Tertiary tillite in the Gondwana System. 
The known records of the 'breccia' occur, as has been men-
tioned earlier, only to the west of the Son Valley. To be more 
specific they are known only from the area to the west of Badan-
pur, while in the eastern part of the Son Valley shales and sand-
stones continued to be deposited uninterruptedly. It is, therefore, 
very probable that the ice cap, during the period of maximum 
extension reached to just about Badanpur, and was presumably 
located on the open sea well to the south-west, may be even 
beyond the confines of the present land area. Blanford has des-
cribed a roche moutonnee from Lowo which agrees, in the indi-
cated direction with this interpretation. Only where the glaciers 
passed over small land areas did they collect any material and 
deposited it as moraines. When the deposition was on continental 
area, as in Pandava and Pokran, typical tillites resulted, but 
when the preserved glacial deposits were left behind in predomi-
nantly marine area, as in Tvrohan, Karauli and elsewhere mis-
interpretation of observed facts resulted in a variety of hypo-
theses. Apparently the land area exposed was mostly of Bijawar 
breccia (see Blanford, 1869, p. 36 et seq.). It is then possible 
that what Heron mistook for "elongated lenticular nodules and 
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uneven layers" were themselves erratics, drawn from the Bijawar 
.Breccia. 
This interpretation leads to the almost inevitable conclusion 
4.hat the Susnai and other 'breccias' seen by Fox and Auden in 
"the lower Son Valley and which occur in the bottom beds of the 
.'Kaimur Series as well as " some way, even to a couple of 
hundred feet above it," (Oldham, 1901, p. 26) and the rare scatter-
ed inclusions in the overlying beds are all formed by 'rafted" 
material, and also that the porcellanites may really be glacial 
sediments. It is significant that Auden (ibid., p. 235) noted simi-
lar 'breccias' at Hurma and Barmori, but this time belonging to 
the Kheinjua Stage. This tilts the balance very much in favour 
of the interpretation here offered. 
On the other hand, Fox (ibid., p. 36) is positive that the sedi-
ments, both in the Lower Vindhyan Series, in the Bijaigarh 
•Shale as well as in the Kaimur Sandstone, were deposited by 
""streams which were flowing westward". Auden (ibid., p. 148) 
.agreed. The situation that then obtained in the Son Valley must 
have been rather unusual and exceedingly piquant. It will be 
feferred to in more detail in the succeeding section. 
The exact stratigraphical equivalent of the Tirohan Breccia 
in the Son Valley are, what Auden called, the Scrap Sandstones. 
These are thin bedded ripple marked flags of predominantly green 
•colour. There are green sandy silts, shales and contemporaneous 
conglomerates, with discs of green shales set in green-brown 
matrix. Angular quartz occurs in a matrix of sericite and clay. 
This sandstone passes into the Dhandraul Quartzites which were 
probably only partly coeval with the Upper Kaimur Quartzites 
of the western part of the basin, and there is, at this stage, dis-
tinct indication of the end of refrigeration. In both the areas the 
passage from the lower phase to the quartzite stage is gradual 
.(Mallet, 1870, pp. 60-1 ; Auden, ibid., p. 184). 
It also follows that this breccia or tillite horizon should be 
•regarded as a more or less exact stratigraphic equivalent of the 
Lower Kaimur Stage of the lower Son Valley. If this interpre-
tation is accepted, and the author does not see any escape from it, 
•this stage may have to disappear from the stratigraphic table, 
•or be considered as a local development and loose its importance 
The Pokran Tillite, mentioned earlier, may also belong to the 
Kaimur glaciation, although the correlation of the overlying 
Jodhpur Sandstones is more or less conjectural. Fermor (1930. 
p. 402) quoted Heron as expressing the opinion that "the Jodhpur 
Tocks may be either Upper or Lower Vindhyan". In the latter 
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case the tillite will correspond to the Semri glacial horizon as 
exhibited at Gangau and elsewhere, but a Kaimur age is, perhaps, 
more reasonable. There is said to be an unconformity between 
the sandstone and the tillite (Heron, 1932, p. 465) but in the 
absence of any bedding in the latter, it may only be a discon-
formity, perhaps merely indicating a change in the environments. 
Both Hacket (1881, p. 300) and Wilson regarded the lower sand-
stone as belonging to the Kaimur Series. In the Jodhpur area 
these sandstones rest upon a slightly eroded surface of Malani-
Rhyolite, but it may be inadvisable to judge the amount of break 
from this disconformity. The outpouring could have topped the 
epeirogeny and contemporaneous erosion might have followed. 
The correlation of these rhyolites with the Lower Vindhyan 
formation of the Son Valley is in any case based on mere con-
jecture. 
Still less is known of the other small basins shown on Fig. 1, 
and it will, perhaps, be better to leave them out for a subsequent 
study. 
Rewa Series 
The Upper Kaimur Quartzites pass upwards into the Rewa 
Series, which is divided into a Lower and an Upper Stage. There 
appears to be some confusion about the formations comprising 
these stages. Though the generalised section quoted above is 
applicable to Gwalior area, Mathur (1952, pp. 6-7) and Vreden-
burg (1906-A) have given different tables, identifying the Jhiri 
Shales with the Panna Shales. Mathur has, moreover, pointed 
out that diamonds occur in the Lower Rewa sandstones as well, 
which carries bands (or perhaps lenses) of conglomerate at 
various levels, and apparently there is a third horizon belonging 
to the U. Rewa Sandstone stage. 
The Panna Shales pass upwards into the Lower Rewa Sand-
stones and these into the Jhiri Shales, identical in appearance 
with the Panna Shales, where they can be identified separately. 
The Jhiri Shales generally occupy flat areas, resulting in fine 
scarps being formed by the Upper Rewa Sandstones. This sand-
stone is fine grained, quartzitic, and becomes massive towards the 
top. 
The source of the diamonds is still an open question, but it 
appears certain that at least those in the lower two horizons were 
not derived from the so-called Majhgawan Plug. Vredenburg 
(1906), p. 280) considered that "the gems have originated in the 
Bundelkhand granite area". Diamonds are also known from 
PART 3] AHMAD : Palaeogeography of Central India. 533 
similar sandstones in the Kurnool Series, as well as from the 
Chattisgarh Basin and the Palnad and Bhima Series of the former 
Hyderabad State. The only other ' plug' known* in the country 
is from Wajra Karur in the Kurnool area, but this has, in spite 
of a determined effort, not yielded any diamonds. It would 
appear to be rather surprising that though diamonds are so wide-
spread in the country, the ' plugs ' yielding them all lie concealed 
under younger formations and alluvium. Of the only two pluge 
known, one is definitely barren, and the other has certainly not 
yielded a great majority of the gems. There will be reason to 
refer to this question again in a later section. 
FIG. 4. 
The Kurnool System of the Kundair Valley is divided into 
four stages, though the total thickness is of the order of 1,200 ft. 
only. The basal Banganapalli Sandstone is the main source of 
•Another plug has been discovered near Majhgawan since this 
written and detialed investigations are in progress. 
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diamonds in this part and its equivalence with some Rewa Series 
horizon is obviously suggested. Mostly marine sediments follow. 
In the Palnad area a diamond bearing conglomerate is followed 
by limestones. 
The Bhima Series of Hyderabad and adjacent area is divided' 
into three stages, totalling about 1,200 ft. and carrying a diamond 
bearing horizon. It was, probably, from these or the Sullavai 
Series that the famous Koh-i-Noor was obtained. 
In the absence of fossil evidence it would have been consi-
dered hazardous to correlate these widespread formations merely 
on lithological grounds. But, as has been pointed out earlier, dia-
monds are such a rare occurrence in any part of the world and 
their presence in conglomerates of stratigraphically almost equi-
valent formations appears to lend great weight to the correlation 
here used. 
In Western Rajputana no beds are directly correlated to the 
Rewa Series (Hacket, ibid.), but it may only mean lack of any 
basis for correlation. That equivalent beds are present is not 
improbable. 
Bhander Series 
The Bhander Series is known only from the western part of 
the main Vindhyan basin, but it is presumed that formerly it ex-
tended eastward as well. In the south the series might originally 
have covered the Chhattisgarh and Kurnool areas as well, but 
no correlation can be suggested at present. In the type area it 
is divided into two stages, the upper Stage comprising only the 
Upper Bhander Sandstone. In Bundi, however, Coulson has 
identified two formations above this sandstone, and in the com-
posite section, given earlier, they have been included. In Western 
Rajputana about 200 ft. of beds belonging to Bhander Series are 
said to conformably overlie a hundred feet of Kaimur Sandstones 
(The Jodhpur Sandstone). For reasons given earlier (inaccept-
ability of non-deposition) this seems inadmissible and a part of 
the total thickness of 300 ft. must be allotted to the Rewa Series. 
The total preserved thickness of the Bhander Series may, then> 
be of the order of about 100 ft. only in this region. 
The Upper Rewa Sandstones pass gradually into the Ganur-
garh Shales, ard these, in turn, pass into the limestone formation. 
Above these come the Lower Bhander Sandstones and the Sirbu 
Shales. The Upper Bhander Sandstones form an extensive 
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plateau and Heron (1922, p. 167) thought that they extend to 
beyond the Banas. 
FIG. 5. 
The prevailing colour in the shales is often maroon, and in 
Rewa and Rajputana some bands of gypsum are reported. These 
are believed to indicate a warm dry climate. 
An enormous thickness, estimated to be well over 10,000 ft 
of these sediments, are reported from the Dhar Forest area, and 
the increase from about 3,000 ft. near Gwalior and Hoshangabad 
may be gradual. This, indeed, fixes the basin of maximum epe-
irogeny very neatly. 
STRUCTURE 
Considering their great antiquity the Vindhyans are rather 
disappointing in their structural simplicity. As will be shown 
later in this paper the main basin of deposition extended from 
Agra in a S.S.W. direction and there was a distinct 'bay' extend-
ing towards the east, in what is known as the Son Valley now. 
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Except perhaps in the extreme south-west they have, appar-
ently, never been subjected to any orogenic activity and the beds 
still lie horizontally in most areas. There seems to be no ground 
then for agreeing with Oldham (1901, p. 30) when he envisages 
"the Vindhyan Period of mountain formation by compression". 
Faulting has, however, locally affected these beds. The uncon-
formity between the Lower and the Upper Vindhyans is not seen 
in most of the areas,* and if it is ignored as only local and inci-
dental, as was suggested by Oldhan, quoted earlier, the entire 
System is perfectly conformable. All this goes to indicate that 
the basin was of an epicontinental type, and this conclusion is 
confirmed by the abundance of limestone and such widespread 
formations of uniform character as the Kaimur Sandstone. Yet 
local changes in stratigraphy, consequent upon slight variations 
in environmental conditions, are common enough, and have often 
been emphasized. A notable example of this is Fox's advocacy 
for adopting the Susnai breccia as the dividing line between the 
Lower and Upper Vindhyan System.f Such are also the local 
shale beds in the Bundelkhand area. 
The outstanding structural feature is a pair of parallel faults, 
about 12 miles apart, in eastern Rajputana, which run in a N.E.-
S.W. direction. One of these has been traced for at least 500 
miles commencing from near Tewangarh some fifty miles south-
west of Agra. It is estimated to have a throw of about 5,01)0 ft. 
in the south. The downthrow side being to the south-east of 
the fault, Bhander beds are brought down against the gneisses. 
Small outliers of Vindhyan beds do occur on the upthrow side 
of the fault as well, indicating that either the fault is very young, 
or else, a thick formation, since eroded, protected it from erosion. 
That it is older than the Deccan Trap is certain, as the flows are 
seen to well up against the walls of the fault. Had it been much 
older the chances are that this wall itself would have been des-
troyed. An early to middle Cretaceous age for this faulting is, 
therefore, reasonable. 
Fermor (ibid.) considered the Aravalli tract as a horst and 
predicted the future discovery of a fault to its west, "of the same 
order of magnitude" and failing this, a tilt to the west. This was 
needed to justify the occurrence of Vindhyan sediments to the 
* See footnote p. 524. 
t This, incidentally, also emphasises the absence of any major tectonic 
movement at the end of the Semri times. Indeed the Vindhyans in this 
area have never been subjected to any tectonic movements and Lower 
Vindhyans are not known from Western Rajputana with any amount of 
certainty. 
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west, but a determined search for the presumed fault has yielded 
legative results (Heron, 1932). Discussing the mechanism- of the 
existing fault, Fermor (ibid., p. 398) points out that " The final 
net effect is a large downthrow to the south east of the Vindhyan 
tract with reference to the Aravalli tract... (and) would require 
first a large downthrow to the south-east along a fault plane 
hading steeply to the south-east, stress being tensional; next a 
compressional force arching up the Vindhyans against the 
Boundary Fault with some movement of the Vindhyans up this 
fault (i.e., some overthrust of the Vindhyans on the older rocks) 
followed by further tensional forces, or a release of pressure, with 
resultant collapse of arched area". 
Heion (1922, p. 172) has pointed out that "The north-western 
fault is not nearly so well seen... owing to the large spread of 
alluvium... but it is as real as the other, just as important in its 
sffects, and its traceable length is considerably more". The Lower 
Vindhyan formations are exposed only in the area between the 
two faults. It may indicate that these faults are 'steps' and the 
net throw of the Aravalli tract may be of the order of 10,000 ft. 
or more. 
The drainage system of the Son Valley tract is conspicuous 
for its distinct youth and would not admit of an older than Plio-
cene or Pleistocene age being assigned to the latest movement in 
;he area (Oldham et al, ibid., pp. 42, et seq.). Over hundreds of 
miles the Son is confined by a high fault scarp on the north and 
not a single river of any magnitude joins it from the left. The 
few small streams that carry the drainage of the scarp face form 
impressive waterfalls, sometimes over a hundred feet high, before 
descending to the valley. 
INTRUSIVES 
Dolerites intrusive into the Semri Series have been known 
from four different localities, and Auden (ibid., p. 245) points out 
that " the failure of basic intrusives in the probable U. Vindhyans 
,.. may be explained as fortuitous occurrences and need not neces-
sarily indicate an earlier age relative to the non-intruded rocks". 
The dolerites appear to be different from both the Deccan and 
Rajmahal traps, and may indicate that at the time of the intru-
sion the total thickness of the overlying beds might have been of 
;he order of 10,000 ft. (Carey, 1958, pp. 165 et seq.). This argu-
ment may suggest that considerable erosion has taken place, 
though these eroded beds need not necessarily have belonged to 
;he younger Vindhyans. 
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An interesting feature of the Vindhyan beds in the Son Valley 
is the occurrence of sandstone dykes and these indicate some 
earthquakes occurring contemporaneously with the sedimenta-
tion. Such dykes are common in marginal areas and need not 
signify any orogenic activity. Ahmad (1952) has reported them 
from the supposed Mahadeva beds in the Sidhi district, (MP.) 
and mud fissures occurred extensively in the Assam valley during 
the earthquake of 1950. 
AGE AND CORRELATION 
The Vindhyan System is considered to be late Precambrian to-
Cambrian in age, but this is more by mutual agreement than by 
scientific evidence. Auden (ibid., p. 248) has, indeed, pointed out 
that "The age of the Vindhyan rocks may be anything from 
Algonkian to Devonian". 
Some sporadic iossil finds have, however, been recorded since 
Auden said the above, and Sahni and Srivastava now consider 
that the Suket Shales are of Cambrian age. Rode (1946, pp. 247-8) 
had earlier recorded the discovery of Hyolithes rohtaswei from 
the Rohtas Limestone of Rohtasgarh, and this, too, gives approxi-
mately the same or a slightly younger age. Misra, however, pub-
lished a few papers on some fossils from the same horizon in 
Mirzapur district, and these suggest a Devonian age for the lime-
stone. Perhaps the most reliable results to date were obtained 
by Sitholey et al (1953) who described certain algal and fungal 
remains from the Suket and Sirbu Shales and suggest a Cambrian 
age for these. A Precambrian age for the Semri Series may notr 
therefore, be ruled out. 
It must, however, be admitted that the entire evidence avail-
able is meagre, and the conclusion, therefore, not unassailable. 
If one is, under the circumstances, to seek light from other coun-
tries it may be of immense interest to note that in the Sturtian 
System of S. Australia there are, like the Vindhyan System here, 
two distinct horizons of glaciation, and the age of the Sturtian 
Tillite is fixed by the evidence of definite L. Cambrian fossils 
higher up—though they are quite 20,000 ft. above—in the 
sequence. An early Cambrian to Precambrian age for both these 
extensive systems may, therefore, not be altogether inadmissible. 
On general stratigraphical grounds the Karagwe System of 
Central Africa was also allotted the same age by Gregory (1921, 
pp. 42-4) who correlated it to the Vindhyan System. At least one 
definite glaciation is known from the Karagwe beds as well. 
Extremely interesting, as pointed out earlier, is the correlation; 
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with the Nullagine Series of Western Australia which carries both 
tillites and diamonds. In S. Africa two glaciations are recorded 
in the Nama System and these may be equivalent to the Vindhyan 
System. 
Fox (ibid.) has suggested a correlation on lithological grounds 
with the Cambrian beds in the Salt Range, but this is exceedingly-
conjectural. On general stiatigraphic grounds correlation is also 
suggested with " The Attock Slates, Hazara Slates, Simla Slates, 
Jaunsar Series, part of the Haimanta System of Spiti and part 
of Buxa Series of Bhutan " (Krishnan, 1949, p. 197). From the 
Jaunsar Series Oldham (1887, p. 157) has described a tillite and 
this may strengthen the case for the correlation of these two for-
mations. 
PALAEOGEOGRAPHY 
Fig. 1 is a map of the distribution of the Vindhyan and equi-
valent beds in India. Figs. 2, 3, 4 and 5 are isopach maps 
of the Semri, Kaimur, Rewa and Bhander Series respectively. 
The figures for all these have been taken from published Records 
and Memoirs of the Geological Survey of India and should be 
reliable. Admittedly the number of these sections is not as much 
as one would desire, but the very fact that almost identical basins 
are obtained for four different series and that there is but little 
scope for alternative forms for these basins does indicate, with 
an amount of probability that borders on certainty, that the 
extents of the basin indicated are correct. The form, on the 
other hand, of the southern basin is not at all definite, and lack 
of information stands in the way. It may be several years before 
sufficient data are available to mark it out with scientific accuracy. 
Several significant facts emerge from a study of these plates,, 
and some of these are surprising. As has been mentioned above, 
the main basin extended from near Agra in a S.S.W. direction 
and a ' bay ' coming out of it covered the area of the Son Valley. 
Though the younger beds constantly overlapped all along the 
firms the essential unity of the entire System, doubts about which 
margins the overall form of the basin did not change. This con-
were widely entertained during the early period of geological 
work in the country. One is, therefore, inclined to agree with 
Vredenburg (ibid., p. 258) when he states, "The separation of 
the lower series under the name of the Lower Vindhyan gives it 
an importance out of all proportion with its position in the strati-
graphic scale ". 
To the north of this basin was a cratonic area which is now 
largely occupied by the Gangetic alluvium. Mallet (ibid., p. 95), 
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Fox (ibid.) and Auden (ibid., p. 148 and p. 221) all considered 
that the source of the Semri and Kaimur sediments in the lower 
Son Valley was to the east. The known deposits extend to about 
Kohtasgarh and the envisaged river, in its depositional phase, 
must have been entering the basin a little to the east. For it to 
carry the large quantity of sediments now seen and to leave its 
mark for a hundred miles or more to the west even in predomi-
nantly marine environments, it must have been of considerable 
size and eroding power. This may indicate a high mountain 
system in north-eastern Assam. 
On the other hand Auden has pointed out (ibid., p. 191) that 
the source of sediments near Chitrakot was to the north, and 
then observed (p. 189) " from south to north there is seen a dying 
out of the Tirohan limestone and related beds and the overlap of 
the presumed Kaimur directly on to the granite", while Vreden-
burg (ibid., p. 271), envisages land to the north of Panna area, in 
the region of the Bundelkhand gneisses when he states "The 
variation in the characters of the Kaimur conglomerate are inter-
esting as indicating the proximity of an ancient coast line close 
to the present northern border of the Vindhyan formation", and 
the known overlap in the area admits of this view. Similar 
definite overlap towards the west in the Bundi-Karauli area 
(Auden, ibid., p. 242) points to the presence of land in that direc-
tion throughout the entire period of sedimentation. The palaeo-
geographic maps above demarcate this area in its entirety, and 
there can no longer be any controversy about its extent. These 
lines of evidence, one altogether observational and based on field 
evidence, and the other purely deductive and theoretical, are 
entirely independent and yet perfectly corroborative of each 
other. This leads to the inevitable conclusion that the Ganges 
basin is not underlain by the Vindhyan beds, excepting in a very 
small strip around Mirzapur, Allahabad and Agra.* 
Many geologists still believe that the Aravalli Range existed 
as a mountain system during the period of Vindhyan sedimenta-
tion (La Touche, ibid., p. 29 ; Heron, 1938, p. 124). This view was 
expressed by Oldham as well in the second edition of the Manual 
of the Geology of India, (page 103). The author is, however, of 
the opinion that there is no basis for such a conclusion and that 
the entire evidence goes to show that the country had been 
thoroughly peneplaned. The movement was, therefore, entirely 
epeirogenic. This is well indicated by the regular overlap of 
* Krishnan and Swaminath (ibid.), however, suggest that this basin 
extended to the Himalayan, region. 
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the younger beds and far more convincingly by the extension 
of the basin over a veiy wide area in western Rajputana, also by 
the absence of conglomerates in the succession, indicating lack 
of relief in the provenance, and the absence of any unconformi-
ties. 
It also seems certain that the western Rajputana basin was 
a direct extension of the main basin, though perhaps, around 
the ' peninsular' area. Whether this ' peninsula ' extended some 
distance further towards the south is irrelevant, but the author 
believes that the limits indicated on the map are fair and reason-
able. There certainly is no reason to hold such strong views in 
the matter as are expressed by Oldham (1893, pp. 106-7) v/hen he 
said that " There can never have been any continuity between 
the outcrops on either side, and it is incorrect to speak of the 
Jodhpur beds as outliers of the Vindhyan basin. This must have 
been formed contemporaneously in an independent basin of de-
position, and the connection between the two would be similar 
to that which subsists between the recent deposits north of 
Himalayan range and of the Indo-Gangetic alluvium'". 
The next younger deposits seen in the Rajputana area belong 
to late Mesozoic age. A large part of the main Vindhyan basin 
went to form the craton during the Gondwana period, as is 
shown by the author (In Press) in his palaeogeographic study of 
that system, and a great thickness of the Bhander and post-
Bhander beds must, inevitably, have been removed. It, there-
fore, seems a fair conclusion that post-Vindhyan-pre-Gondwana 
rocks were deposited in this area. Thus the main Vindhyan 
basin in the Agra-Dhar Forest area might have continued un-
interrupted right up to the Silurian or Devonian Period, but 
their representatives have been completely eroded away. This 
might mean that although the true Vindhyan sediments certain-
ly do not underlie the Ganges Basin, these post-Vindhyan sedi-
ments may. In case this interpretation is correct the envisaged 
overlap could only be to the north of Agra. But all this is purely 
deductive and no conclusions can be based on this. 
It has been mentioned earlier that the land was glaciated 
just before the initiation of the Vindhyan sedimentation, and 
this must have completely peneplaned the entire area. Though 
the main ice cap presumably ended further south there must 
have been minor and temporary caps on the uplands of the 
Aravalli Craton which resulted in the deposition of a tillite in 
the Himalayan region. The drainage that emerged after the 
amelioration of the climate must have been young, the rivers not 
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extensive, and the valleys small. The only exception to this 
rule was the river flowing from the east into the Son Valley, 
and it is possible that in its upper part the valley of this river, 
rising somewhere in north-eastern Assam—a distance of about 
10° of the arc—was not glaciated. There is some indication in 
the ripple marks suggesting another river from a general south-
easterly direction as well. But apart from this area there was 
Fair uniformity in the source of the sediments, its transport and 
in its climatic control. It is, therefore, not surprising that ex-
tensive beds of the same character were deposited in the bays 
and inlets. In such narrow, slowly subsiding, basins even the 
environmental control in the basin was rather uniform. 
An interesting point that emerges from the above study 
concerns the origin of diamonds in the Panna area. It has, 
in the past few years, been suggested that they have come out 
af the Majhgawan ' plug' or alternatively, from other similar 
plugs. Mathur (ibib.) admits that the Majhgawan 'plug' is 
younger than the two lower diamond beds and could, perhaps, 
lot be the source for these though he thought that earlier explo-
sions through the same vent might have been responsible for 
:he diamonds in the lower beds. The major part of the wide-
spread workings lie to the north of it (Mathur, ibid., p. 14), and 
is Majhgawan was, almost certainly, in the deeper part of the 
aasin, it coult not possibly have been the source of the Shahidan 
Mine diamonds, for instance. Vredenburg {ibid., p. 280) held 
that "the gems have originated in the Bundelkhand granite 
area ". The present palaeogeographic study supports the view 
unreservedly. But Mathur envisages the covering up of other 
plugs' by younger Vindhyan beds and by alluvium. While 
alluvium is rather thin in this area, the overlap by the post-
Re wa beds hardly amounts to a mile or two. To the west and 
north-west Lower Vindhyan and older rocks are already exposed, 
tt seems hard to believe that these hypothetical ' plugs' lie con-
cealed in an area of a few square miles north of Panna, and one 
is obliged to look for some other source. Vredenburg (ibid., 
p. 271) also noted that the size of the boulders in the diamondi-
ferous conglomerates decreased from the north to the south, 
that is from the gneiss area towards Majhgawan. Is it, then, 
possible that the diamonds were brought from the south by the 
ice cap and left in the till, deposited in Bundelkhand area? 
The centre of the glaciation was, probably, to the south-west, 
somewhere in the region of Gujerat, or further out in the open 
sea. During the period of the Semri glaciation the Son Valley 
might have been transgressed by sea, but at the time of the 
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Kaimur glaciation it was, apparently, a continental area. A 
very piquant situation, as has been suggested earlier, must have 
resulted during the winters here. The flow of the river from 
Assam—the author suggests that this be named ' Auden River ', 
m honour of J. B. Auden from whose work he has so extensively 
quoted in the preceding pages—was opposed by the ice cap. It 
is probable that the Auden River debouched into the ' Vindhyan 
G u l f somewhere to the west of Rewa town, and a small inlet 
here continued to the north where the Tirohan Limestone was 
deposited simultaneously with the deposition of the Lower 
Kaimur beds in the eastern Son Valley. It must almost have 
been the duplication of the prevalent condition in the basin of 
the Ob, Yanisei and Lena and the Arctic Sea. Widespread floods 
in the summers might have been responsible for the extensive 
current beddings. Occasionally the freezing might have lingered 
on at the mouth of the Auden River and might have dammed it 
up temporarily to form a vast, but shallow, lake. In this fresh-
water lake tides and waves might have been moving the sand 
up and down continuously and resulted in the almost perfect 
rounding of the grains. " Current bedding (in the Kaimur beds) 
is a characteristic feature, indicating first shifting currents and 
finally, towards the top, a more or less constant direction of 
origin from east and south-east" (Auden, ibid., p. 148). In this 
lake floating ' bergs' probably deposited the ' Susnai' and other 
breccia pockets. 
Fermor (1906, p. 233), Fox (ibid.), Auden (ibid., p. 223-5) and 
others appear convinced that arid climate prevailed throughout 
the period of Vindhyan sedimentation. The last named of the 
above authors has pointed out that " Aridity or semi-aridity of 
conditions is suggested by the following fact:—(1) By the fresh-
ness of the granite in the basement of the Vindhyans of Kohi, 
and by the fragments of felspar in the overlying beds of the 
Vindhyans when they come close to the granite, (2) by the 
excellent rounding of the quartz grains in many of the Vindhyan 
sandstones and quartzites, most marked in the Lower Kaimur 
stage, (3) by the red and red-brown colours of the Scarp sand-
stone of the Upper Kaimur stage, a feature characteristic also 
of the Bhander sandstones ". In the presence of the incontro-
vertible evidence of repeated glaciation in the lower part of 
Vindhyan System it seems hardly necessary to demonstrate the 
fallacy in these lines of argument. Incidentally it shows how 
wrong a geologist can be if he generalizes on local observations 
or misses some evidence in the field. Indeed, Auden (ibid., 
p. 234) himself seems to have been puzzled when he stated that 
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" The green ripple marked flags, at the base of what is Here 
called the Upper Kaimur Sandstone, show rather reducing con-
dition, and a temporary failure of exposure to drying and aera-
tion, whatever the nature of climate above the water in which 
they were deposited ". But this general contradiction here of 
the evidence of warm climatic conditions need not apply to the 
Bhander Series beds. It is possible that enough time had elapsed 
between the undoubted glaciation and the initiation of the 
Bhander deposition to allow a warm, dry climate to replace 
the refrigeration. Thus, though Fox's correlation of the Semri-
Kaimur Series beds to the Cambrian strata of the Salt Range on 
mere lithological ground may not be valid, general contempora-
neity of the Bhander Series to the Salt Pseudomorph Bed need 
not be ruled out. 
Fox (ibid.) has envisaged a river flowing from Assam, through 
the Son Valley, Rajputana and thence to the Salt Range area. 
Obviously this was an impossibility, and Auden (ibid., p. 249) 
admitted it when he said " It is not necessary to assume an iden-
tical source for the Vindhyan rocks over the whole area, or 
to assume even a single fluvio-deltaic system". The presence of 
the Tirohan Limestone does indicate that the sea extended to 
that area in the Lower Kaimur period and the " Auden River " 
must have been debouching into it somewhere. The sea reached 
the eastern Son Valley in the Semri period and was quite exten-
sive in the Rewa period as well. So the only period available for 
Pox's mighty river is Upper Kaimur. Even during this spell the 
presence of shales, etc. does indicate that marine conditions 
might have prevailed in the Bundelkhand area. 
It has been mentioned earlier that the Great Boundary Fault 
is post-depositional, but pre-Deccan Trap. Elsewhere the pre-
sent author (In Press) has demonstrated that block faulting 
in the Gondwana basins took place in the Cretaceous Period. 
It is probable that the Great Boundary Fault was also brought 
about at the same time and by the same mechanism. The youth-
ful drainage system of the Vindhyan plateau, and on this point 
the author is in full agreement with Oldham et al's (ibid., 
pp. 42-57) observations, does definitely indicate that movement 
was recent on the tableland. It probably continued from the 
Cretaceous to late in the Tertiary or even Quaternary Period 
and then practically ceased. This idea is, of course, not altoge-
ther new and was advocated by Heron (1938, pp. 128-9) when 
he stated that " The suggestion is now made that the elevation 
of the oeneolane. or the Masozoic rejuvenation of the Aravalli 
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range, and the production of the Great Boundary Fault, may 
be closely connected and contemporaneous", and he connects 
this with the post-Gondwana and post-Deccan Trap faulting in 
the Peninsula—the Gawilgarh Fault. 
It is suggested that an autogeosyncline extended from near 
Agra to somewhere north of Bombay where the respective sedi-
ments lie concealed below the Trap. Its connections beyond 
may lie in the region now occupied by the Arabian Sea. The 
Son Basin might have been a zeugogeosyncline in Marshall 
Kay's terminology. During the Semri and Kaimur ages it was 
sinking more rapidly in the centre than further to the west 
where it joined the main basin, and yet no "barred" or ''stag-
nant " basin environments appeared. Metamorphism and large 
scale intrusion is common in the deeper parts of a geosyncline 
where the sinking of the basin takes the sediments down to 
within the influence of great heat, while the extension of the 
strata results in fractures. It may, therefore, be significant that 
•Bose (1884, p. 16) has recorded the suspected presence of 
Vindhyan beds " peculiar reddish looking, jaspery rocks, travers-
ed by a net-work of thin veins of quartz " in the area west of 
Dhar Forest. The known section of the Vindhyans nearest cc 
this, in the Dhar Forest, is over 15,000 ft. and these unusual 
sediments, if they are really of Vindhyan age, must have been 
part of a thicker section. Perhaps a little further to the south 
west this autogeosyncline joined the mio- or eugeosyncline, may 
be within the confines of the present day India. The Karagwe 
System of Central Africa might have been formed in the same 
geosyncline, and is said to be equally, if not more, thick. 
CONCLUSIONS 
It is indeed more than a mere coincidence that definite glacia-
tion and sedimentary diamonds are associated in the Nullaginf 
Series of Western Australia, which too is allotted an uppermost 
Precambrian age, and glaciation followed by diamond deposi-
tion is now known from the Kaimur-Rewa Series in India. The 
two separate glaciations of the Flinder's Range in Australia, 
corresponding to the double record of refrigeration in India of 
the time, is also noteworthy, and still more significant is the pre-
sence of two glacial horizons in the Nama System of Africa, 
which is also considered to be an equivalent. Not only a 
correlation is suggested but, perhaps, it is justified to imagine 
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that these continents were then not so far apart. Alluvial gold 
also occurs in the Nullagine Series, and has on occasions been 
recorded from the east coast equivalent of the Vindhyan forma-
tions. 
This study demonstrates convincingly that the source of the 
Panna diamonds is to be sought in the Bundelkhand gneiss area, 
and that the hypothetical ' plugs', rJerhaps, do not exist at all. 
it is, however, possible that the original source of the diamonds 
lies in the south and they were deposited in the till in the 
Bundelkhand area. On re-erosion they have come to the Panna 
area from the north. It seems equally certain that the Indo-
Gangetic basin is not underlain by Vindhyan rocks as we know 
them. 
The conclusion that arid climate prevailed during the Lower 
Vindhyan period is contradicted and it is suggested that the 
Susnai and other breccias of the Son Valley were formed by 
' rafted' material. This theory, inter alia, suggests that the so 
called ' porcellanites' may also be glacial sediments deposited 
under marine conditions and consequently not conforming strict-
ly to the characters of true varvites. It appears that the Susnai 
breccia should be regarded as the exact stratigraphic equivalent 
of the Lower Kaimur Stage, and that there was no period of 
" non-deposition ". The latter may then be regarded as a local 
development, and may have to lose its importance considerably. 
Typical tundra climate for the Son Valley of the Kaimur 
period is envisaged and a river, herein named the Auden River 
is supposed to have been flowing from N. E. Assam to near 
Rohtasgarh and beyond. A mountain range in upper Assam is 
also imagined. 
It is concluded that the Western Rajputana basin joined the 
main basin along the south of the ' Aravalli Craton', and was 
not an altogether separate basin. There certainly is no indica-
tion that Aravalli Range existed as a mountain system at the 
time, and a peneplaned area is imagined. Epeirogenic condi-
tions were responsible for the creation of a basin which acquired 
the characters of an autogeosyncline in the Agra-Dhar Forest 
area, and a zeugogeosyncline in the lower Son Valley. For the 
first time now the outlines of this extensive valley are defined 
on scientific lines and the direction of drainage into.it and its 
connection with the ocean determined. But a separate southern 
basin is supported by the available evidence. The author pro-
poses to undertake a detailed study of this basin in another paper. 
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CHAPTER I 
INTRODUCTION 
About a hundred years ago two brothers, W. T. and H. F. 
Blanford, working in the tropical parts of India, declared that 
the conglomerate they had examined in Talchir was of glacial 
origin, and consequently, there was land ice in the ai'ea in the 
late Palaeozoic times. Their observation and reasoning become 
more remarkable when it is realised that they did not find any 
striated or facetted boulders to back their argument. Ridiculed 
by their colleagues, and laughed at by geologists, physicists, 
astronomers, meteorologists, and other naturalists abroad, they 
had to wait for about two decades before the discovery of a 
striated pavement decided the issue in their favour. Medlicott 
in a manuscript report in 1872 suggested the name Gondwana, 
•liter the ancient Kingdom of the Gonds, an aboriginal tribe, 
which still populates the area, for the formation, and Feistmantel 
brought it into print in 1876. 
Discoveries of similar formations in Australia, S. America, 
ind S. Africa followed in quick succession, and land connections 
Mere envisaged to explain the occurrence of identical flora. It 
vas Suess who, in 1885, introduced the term Gondwanaland for 
he hypothetical continent which comprised all these continents, 
ind the "land-bridges", that connected them. 
2 AHMAD: PALAEOGEOGRAPHY OF THE GONDWANAS 
In 1912, Wegener propounded his theory of Continental Drift. 
The storm it raised has not yet fully subsided. It got some 
immediate adherents, who, though they recognised the necessity 
of further research, saw a ray of hope in it. But a large 
majority of geologists found it wholly unacceptable. A re-
markable part of the theory, however, was the well high perfect 
fitting of S. America to the west of Africa, and the similarities 
the two continents showed. But, by far the most absorbingly 
interesting feature of this new concept was the solution it offer-
ed for the Permo-Carboniferous glaciation, by reducing the size 
of the ice cap, if not by the very objectionable migration of the 
poles. There was a hope, but Wegener put his case badly, and 
Schuchert. Coleman. Willis and other geophysicists showed that 
the forces required to shift the continents were inconceivable 
and incomprehensible. Those suggested by Wegener and by 
Taylor were fallacious and open to serious objections. 
While the Atlantic side was easier to demonstrate, the fitting 
of the major pieces of the "jig-saw" puzzle on the other side of 
Africa, the 'key piece', continued to cause trouble. Du Toit 
assembled a mass of evidence, but failed to convince. Much 
work, which has a direct bearing on the geology of the Gond-
wanas, has since been done, but has not been brought together 
and correlated. 
This paper attempts no solution, but studies the palaeogeo-
graphy of the Gondwanas in the light of modern konwledge of 
stratigraphy and sedimentation. The epeirogeny in the various 
basins of deposition, measured in terms of the thickness of 
sediments in them, is compared from isopach maps for the 
different periods. Though lack of reliable data stands in the way 
of specific classifications being adopted, an attempt is made to 
place these basins in Marshall Kay's geosynclinal types. These 
areas of deposition, with the isopach form lines, are then placed 
on the various reconstructions of Gondwanaland, on the pre-
sumption that they should match in the various tectonic charac-
ters on either side of the continents if the continents are to be 
brought together under the Drift Theory, or they should meet 
the demands of the classical school with fixed continents. For 
obvious reasons it was not possible to deal with all the various 
assemblies of the former continent, and reference is made only 
to those by Schuchert, Wegener, Du Toit and one presented by 
Prof. Carey at the Pan-Indian Ocean Science Congress, 1951, 
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in Bangalore (India), not yet published. Some other reconstruc-
tions are briefly mentioned, while Rode's theory of 'Sheet Move-
ment' which has an Indian background, has been discussed in 
some detail. Anomalies of fauna, flora, structure, and ancient 
rock types are then sought which might contradict, support or 
suggest a re-orientation of these reconstructions. 
In the preparation of this paper the author has been handi-
capped by the lack of uniformity in the use of terms, both sedi-
mentary and stratigraphic, by the geologists of the different 
countries. The position can only be described as chaotic and 
there was no chance of using them so as to convey a uniform 
meaning throughout the paper. These terms have, therefore, 
been used in the sense they were being used in the particular 
countries themselves. 
The use of such terms as shales, greywackes, and even sand-
stones etc. has, in the past, not been on any scientific system. 
As a matter of fact, these were not defined with any mathemati-
cal precision, and the field and laboratory classification was a 
matter purely of opinion. Attempts are being made in different 
countries, but it would be some years before these bear fruit, 
while the author had to take the material from published litera-
ture now available. No lithofacies maps could, therefore, be 
attempted, but would provide a good subject for study in the 
future. 
The paper lays special emphasis on the Gondwana formations 
of India and Australia only, but the maps cover the other conti-
nents included in Gondwanaland. The isopachs of other 
countries are only approximate, particularly so is the case with 
South America. They are being studied and it is proposed to 
make them the subject of a subsequent paper. 
The author would here like to express his deep gratitude to 
Prof. S. W. Carey, of the University of Tasmania, under whose 
direction this work was carried ouv, for his constant help and 
encouragement. Without his guidance it would not have been 
possible to complete this paper in the time available, while 
Mr. M. R. Banks gave his time most ungrudgingly, and helped 
with the literature in some foreign languages. They also made 
numerous valuable suggestions and offered constructive criti-
cism. The author is also grateful to Mr. J. C. Ferguson. 
Director, South Rhodesian Geological Survey, Mr. M. A. Condon 
of the Australian Bureau of Mineral Resources Dr. W D 
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Johnston of the U.S. Geological Survey and Mr. V. P. Sondhi of 
the Geological Survey of India for the help they rendered. 
Last, but not the least, the author must thank the Common-
wealth Government of Australia, a Research Fellowship from 
whom, made this work in the University of Tasmania during 
1951-52 possible. 
CHAPTER II 
PREVIOUS LITERATURE 
The title of this paper hardly gives an indication that the 
subject covers several branches of the science, i.e., stratigraphy, 
palaeontology, structure, glaciation, origin of coal, and the 
various theories of the origin of continents and oceans. Added 
to these is the great difficulty of covering at least four continents, 
with the result that the available literature is in several differ-
ent languages. Apart from English one has to know French, 
Dutch, Portuguese, Spanish and German, to be able to do it satis-
factorily. The Bibliography at the end will, however, show the 
author's limitations in the linguistic field. This has obliged him 
to leave South America out of general discussion. Only a few 
papers in English are available, and most of these are too old. 
however admirable they be. 
Yet the amount of published literature in English is very 
large indeed. The necessity to get reliable measured sections 
in the various basins made it necessary to go through a very 
large proportion of this. The Geological Survey of India alone 
has published scores of papers and summarised them in a series 
of Memoirs by Fox. and one each by Gee and Jowett, in the 
thirties of this century. The numerous papers by Blanford 
and Medlicott are still of interest and importance. In fact, Fox 
appears to borrow most of his ideas from these, and only clothes 
them in modern language. Thus, following them, he advocat-
ed that the Gondwara formations in India were deposited in 
rift valleys or in large freshwater lakes, that the glaciers were 
descending from the Vindhyan heights, which have been stand-
ing as a mountain range since the Precambrian times, and that 
the coal is of drift origin. Vredenburg in 1880 pointed out 
that the deposition was apparently not in rift valleys and Gee 
repeated the suggestion, but he too agreed with the rest of 
Fox's hypothesis. Fox's views were, however, adopted by the 
Survey and got into the text-books by Wadia and Krishnan. 
These are admirable summaries of the geology of India. Jacob 
has recently reproduced the palaeogeographic maps of the Gond-
wana period, but his approach is the same as that of Fox and the 
maps have close similarities. 
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The period between Blanford and Fox is filled by numerous 
papers, mainly by Ball, Hughes, King and Mallet. Extra-
Peninsular India also received early attention, and Wynne, 
Lydekker and Stoliczka did pioneering work in the Salt Range, 
Kashmir and the Himalayas. Their work was later revised by 
Gee, Middlemiss, Hayden and Wadia. 
The Australian part has been equally ably treated by David, 
Sussmilch, Andrews, Maitland, Blatchford and others, and more 
recently by Raggatt, Clarke, Teichert, Carey, Browne, Voisey, 
Conditt et al. As a result of their efforts the geology of eastern 
Australia is fairly well known, but the same cannot be said of 
Western Australia. Only in recent years Teichert has made 
valuable contributions while, Guppy. Fairbridge. Clarke, 
Raggatt et aL have added materially to the knowledge of this 
vast area. Their efforts have, however, only been concentrated 
on the margins and very little is even now known of the 
interior parts. 
The knowledge about the geology of Africa is rather patchy. 
Of South Africa, Rhodesia etc. a fair amount is known, chiefly 
through the writings of Du Toit. Dixey, Stockley. Menrel and 
others, but of the areas not in the British Commonwealth it is 
difficult to get a reasonable picture. Of the Congo Basin 
Veatch has given a comprehensive account in the Memoirs of 
the Geological Society of America, but only little has been pub-
lished in English about Madagascar and Portuguese East Africa. 
Du Toit's "Geology of South Africa'- is an admirable summary. 
"A Geological Comparison of South America with South 
Africa", Du Toit's well-known paper, is by far the most 
important publication about the former continent which the 
author could depend upon, though I.C. White's "Report of the 
Brazilian Coal Commission'" was also used. Lisboa. D. White 
and a few others have a few papers to their credit. Caster has, 
during the last few years, added materially to the knowledge of 
S. American geology and his papers are mines of information 
The isopachs for South America are, however, largely based on 
Weeks' paper, and alterations have been made only where in-
formation available justified such an action. 
Sherlock pleads a cause which, however important or rea-
sonable it may be for Europe, does not seem to apply to Gond-
wanaland. He wants to do away with the Permian System 
from the Standard Scale. His book, "The Permo-Triassic 
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Formations", and Reed's "Geology of the British Empire" cover 
very extensive areas and are very useful and reliable sum-
maries. 
On the subject of Gondwanaland, l i terature by the two 
sharply divided schools was consulted in some details. On the 
one side are Wegener with his "The Origin of Continents and 
Oceans" and Du Toit with his "Our Wandering Continents", 
Holmes, Caster and others, with small but interesting papers and 
on the other side are ranged such well-known names as 
Schuchert, Bailey Willis, Brookes and many more, who believ-
ed in the essential fixity of the continents and explained the 
faunal and floral distribution by land bridges, that have since 
disappeared, or by island arcs. 
A large amount of work has been done in recent years in 
Europe and in America on sedimentation and geosynclines, 
though a uniform system of nomenclature is yet to be adopted. 
An attempt is, however, made here to make use of this advance 
in knowledge. 
The bibliography at the end is. by no means, exhaustive, 
.ind many of the papers consulted have not been included. 
CHAPTER III 
PRE-GONDWANA FRAMEWORK OF INDIA AND 
AUSTRALIA 
It is now established that several continents were subjected 
to very extensive glaciation in the Permo-Carboniferous period. 
The glacial beds and the succeeding deposits formed a "System" 
which is usually referred to as "Gondwana", though it has 
different names in different countries—Gondwana System in 
India, Karroo in S. Africa, Santa Catherina in S. America, and 
Kamilaroi (now apparently abandoned) in Australia. Though 
seen today in widely scattered areas these Gondwana formations 
are, perhaps, unique for the similarity of their sediments and 
their fossil contents. But before proceeding to study them it is 
essential to look into the geological framework of the two coun-
tries as it existed at the beginning of the Gondwana deposition. 
Each of the two countries may conveniently be divided into 
two geologically distinct provinces : India into (A) Peninsular 
and (B) Extra-Peninsular and Australia into (C) the Western 
Shield and (D) the Tasman Geosyncline. The aim here will be 
to describe these separately and briefly, making a note of any 
similarities or affinities that this study brings out. 
INDIA 
Peninsular India 
Rocks of the Gondwana System are seen scattered in a 
number of isolated outcrops, unconformably overlying the 
older rocks along certain very definite lines, which in some 
cases follow the courses of the existing rivers. These older 
rocks, in the main, are assigned to the oldest Archaean System, 
and if any younger rocks were deposited in these areas, they 
had been completely eroded away before the Gondwana beds 
were deposited. 
The predominating types of rocks are granites, gneisses and 
schists. The gneisses vary considerably in mineral composition 
and are often banded. This banding may be due to a difference 
in the character of the original sediments which have been 
metamorphosed Actinolite-schists, epidote rocks, quartz-mica 
schists, and granulites are common. Marble occurs commonly 
in many places. 
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The gneisses are intruded by quartz and pegmatite veins as 
well as by doleiile dykes, apparently both older and younger 
than the Permo-Carboniferous sediments. 
Though these gneisses are the typical rocks of Peninsular 
India and are usually seen underlying the Gondwana forma-
tions in Bengal, Bihar, Madhya Pradesh and other areas, the 
latter are occasionally seen to be actually overlying ox in close 
proximity to a very different type, the well known charnockites. 
These range from acid to ultra-basic in composition and are 
characterised by the presence of hypersthene, blue coloured 
quartz and a peculiar waxy look. 
Associated with these often is a garnetiferous gneiss or 
schist which has been variously named Bezwada or Kailasa 
Gneiss, but is most commonly referred to as khondalite. From 
the charnockite type area it is described as garnetiferous lepty-
nite. Krishnan (1951:319-320) thinks that "they are 'para-
schist' derived from aluminous sediments". They consist of 
quartz, felspars (orthoclase, microcline and acid plagioclase) 
and iron-garnet as the essential minerals, with frequently fairly 
large amounts of sillimanite and graphite. "There are, how-
ever, parts of exposures of these rocks where neither sillimanite 
nor graphite may be present The differences that may be 
found in their mineralogical composition are incidental to 
regional variation in the nature and composition of sediments 
(though of essentially similar nature) as we are dealing here 
with comparatively large areas." 
Theie seems to be general agreement with the view express-
ed above regarding the origin of khondalite, but the origin of 
charnockites is not yet clear. One school regards it as distinct-
ly intrusive while the other considers that it, too, is a product 
of metamorphism. 
Vindhyans—a system of marine and fresh water sedimentary 
rocks—were supposed to be of Precambrian age, as no fossil had 
been found in them till recently. In 1949, however, Misra 
(1949:438) discovered a specimen of primitive Dasycladaceas 
in the Rohtas Limestones and this would, if confirmed, place 
the age of the middle part of the formation as Ordovician. 
Recent work (Sitholey et al. 1953 ; Sahni et al. 1954) indicates 
that the Vindhyan System may be Cambrian in age. It skirts 
the Gondwana formation in Central India while in the Wardha 
Valley Lower Gondwana beds are known to overlie the 
Vindhyan beds with an unconformity. 
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Extra-Peninsular India 
Outside Peninsular India rocks of Permo-Carboniferous age 
occur in the Salt Range, Kashmir, Spiti, Simla area, Darjeeling 
and Assam. Apparently they continue all along the Himalayan 
region. The basal bed of the Gondwana System in every loca-
lity is a tillite, which rests with an unconformity of varying 
magnitude over the older rocks, except, perhaps, in parts of 
Kashmir. The presence of the tillite in north-eastern Assam 
is, however, doubtful. 
Of all these areas the geology of the Salt Range and parts 
of the Kashmir. Spiti and Simla areas is fairly satisfactorily 
known, but knowledge about Darjeeling is small, and very little 
indeed is known of the Assam Gondwanas. The first four areas 
will be described here briefly. 
The Salt Range.—The beds that underlie the "Speckled Sand-
stone and Boulder Bed"—"the Salt Pseudomorph Beds—are 
presumably of Cambrian age. and an unconformity separates 
them. 
The early Palaeozoic succession in this area is:—• 
(i. Speckled Sandstone and Boulder Bed. 
Unconformity 
5. Salt Pseudoiv.orph Shale—450 ft. Red to purple and greenish shale with 
pseudon.orphs of salt crystals. 
4. Magnesian Sandstones—-•">() ft. Well bedded, cream coloured dolomite or 
arenaceous dolomite. 
3. Xeobolus Bed—100 ft. IVssiliferous grey micaceous shales. 
2. Purple Sandstone—4.10 ft. Fine grained sandstone with shales at the 
base. 
1. Salt Marl—l.oOO ft. Jiriglit red calcareous clay or n arl with 
much salt and gypsum. 
Though great academic interest exists as to the age of the 
Salt Marl, the formation that is really of great interest here 
is the Neobolus Bed, because of its contents of well preserved 
fossils. These are the primitive brachiopods, the Neobolus 
warthi. N. wynnei, etc. as well as 
Trilobites; Pli/choparia rirhteri, P. sakesarensis. 
Redlichia noellinqi, Chitti'Ullia plana, 
Gonoceplialus warthi, 
Brachiopods; Lingula warthi, Linguhlla n;an»iccki, 
Orthis warthi, etc. 
Pteropod ; Hyolithes wynnei. 
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This fossil assemblage indicates a Middle Cambrian age. 
The succeeding Magnesian Sandstones which overlie these 
•contain some fucoid and annelid markings, also the gastropod, 
Stenotheca. 
The Magnesian Sandstones are conformably succeeded by 
the Salt Pseudomorph beds and these are, as has been mention-
ed earlier, unconformably overlain by the tillite over which 
was deposited the Speckled Sandstone. 
Kashmir and Spiti.—A conformable, well developed. Palaeo-
zoic succession exists in Kashmir and Spiti. The formations in 
the two areas are so similar—though different formational names 
have been given to them—that it would suffice to give descrip-
tions of only one. The succession is as follows; — 
Kanawar System—Carboniferous—4,000. 
Muth Quartzite—Devonian ") 
—Silurian J-over 2,500. 
—Ordovician J 
Hai nanta System—Cambrian ,, 5,000. 
Practically all the 2,500 ft. of the Muth Quartzites are 
fossiliferous and consequently the list of species available is 
very great. They are overlain in Spiti by the rocks of the 
Kanawar System, which is subdivided as follows: — 
Po Series—2,000 ft. Fenestella Shales Stage. 
Thabo Stage : quartzite; and shales 
with plants. 
Lipak Series—2.000 ft. Limestones and shales. 
The Lipak Series is very prolific in fossils characteristic of 
the Lower Carboniferous, e.g., 
Brachicpods : Produetus ora ; P. semireticulatus ; Chowies hardrensis 
Si/ringo'h/ris ctutpidata ; Spirifer kashmiriensis; Strophomena 
analoga ; Reticularis lineata ; AthyrU rci/sii, A -subtilila. 
Trilobite : Phillipsia cf. cliffordi. 
Larr.ellibranehs : Concardium sp., Aviculopecten sp. 
Pteropod : Conularia quadrisulcata. 
Also : Cephalopods, Gastropods, Crustacea, iish teeth, etc. 
The Lipak Series is conformably overlain by the Po Series 
which, on the basis of its fossil contents, is considered to be 
Lower Carboniferous in the lower portion and Upper Carboni-
ferous in the upper portion. The fossils are: — 
Thabo Stage (Lower Po Series)—Rhacoptris ovata, Sphenoptcridium furcillatum 
Fenestella Shales (Upper Po Series)—Brachiopods ; Produetus scahrieulns; P. 
undalus ; Spirifer cf. gr.rardi ; S. triangularis 
and Recticularis lineata. 
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The lower part, carrying the foregoing plant fossils, is com-
posed of black shales, traversed by intrusive dykes and sheets 
of dolerite. The upper division is mostly shales and quartzites, 
the higher parts of v/hich are shales with a preponderance of 
the polyzoan genus Fenestella. In Kashmir a limestone, carry-
ing Syringothyris cuspidata. lies above the Muth Quartzite and 
below the Fenestella Shales. Volcanic activity is recorded in 
Kashmir in the form of the Panjal Traps. Middlemiss dated 
their commencement in Middle Carboniferous, though they may 
be younger, and entirely intrusive. 
Further west in the Kashmir—Hazara area an unfossiliferous 
system of phyllites. quartzites, quartz-schists, conglomerates, 
etc., known as the Tanawal Series underlies the Tanakki Conglo-
merate which is now regarded as the equivalent of the Talchirs 
and the Blainis. This, perhaps, fills the gap between the Cam-
brian and the Permian. 
Simla Area.—The Blaini Boulder Bed (tillite) unconform-
ably overlies the limestones, slates, grits, etc. of the unfossili-
ferous Jaunsar Series. The Jaunsar Series is. perhaps, of late 
Precambrian age. 
From the brief resume given above it would be clear that 
whereas almost the whole of Peninsular India was being sub-
jected to erosion throughout the lower Palaeozoic period, there 
was a long geosynclinal basin to the north of it in which deposi-
tion was more or less continuous. The basin extended from at 
least Spiti to Hazara through Kashmir, and perhaps, further wyest. 
Eastward, too, it probably extended into Assam, north of the 
Shillong plateau, which may be a continuation of the Penin-
sular gneisses. The Salt Range, however, might have belonged 
to the marginal zone, oscillating between areas of provenance 
and the basin. 
AUSTRALIA 
Western Shield 
There are five main areas where Permo-Carboniferous rocks 
are exposed. The first four are, from the south, the Collie 
Basin; the Irwin Basin; the N. W. Basin and the large 
Kimbgrley Desert area ; while the fifth is to the east of 
Kimberley on the boundary between Western Australia and 
Northern Territory. The geology is not very well known, but 
important contributions have been made in the last few years 
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and the areas in question are now receiving a great deal of 
attention from geologists. 
The Permo-Carboniferous in the Collie Basin, and the Irwin 
River area were deposited directly on the Precambrian gneisses 
and schists. The whole sequence is very like that in India. 
The gneisses, constituted of a variety of rock types, are intrud-
ed by pegmatite veins and occasionally carry beds of marble. 
The rocks have been assigned to several formations, and a 
detailed study is yet to be made. 
From what little is known, it is clear that the khondalites 
of India have a very close parallel in the Yilgarn and Jimperd-
ing Series h.ere, and they, too, are associated with charnockites. 
Prider (1945:147 et seq.) has made a detailed study of these 
rocks and is of the opinion that "That series of meta-sediments 
finds its equivalents in the Khondalites of India"—(ibid. 147). 
He compares the charnockites from the two countries and con-
siders them to be identical. Carrying the similarities further, 
he mentions that "v/here the Indian ultra-basic charnockites 
are intrusive into khondalites there may. be a development of 
spmsl-sapphirine rocks and sillimanite-cordierite-biotite-hypers--
thene rocks. The unusual contaminated types are represented 
in the Western Australian province by cordierite—anthophillite 
rocks of Tooday, and garnet—biotite—cordierite—hypersthene 
rocks of Dangin"—(ibid. 166). And when he finds that he is 
not able to duplicate any of the types known from India, he 
makes the very pertinent remark "but it is to be noted that 
practically none of the country in which th^se charnockites 
occur has been geologically surveyed". 
The occurrence in these widely separated areas of the rather 
uncommon rock types, in identical close relationship is, to say 
the least, most surprising. If both the charnockites and the 
khondalites are results of metamorphism, they must have re-
quired very similar initial sediments in the original geosyn-
clines followed by similar stages in the high grade metamor-
phism. If the charnockite is regarded as intrusive, the above 
argument is by no means weakened. But what is. perhaps, 
most amazing is the presence of these rock types in identical 
intimate mutual relationship in Madagascar and parts of central 
Africa, and this makes one wonder if it is not more than a mere 
coincidence. 
The above, however, does not hold for the N. W. Basin and the 
Kimberley Division. In the latter area the Permo-Carboniferous 
beds are underlain by (?) Middle Carboniferous beds which, in 
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turn, unconformably overlie the Precambrian schists or Devonian 
beds. The lower parts of the Devonian beds are generally 
calcareous, though the basal limestone is only locally develop-
ed, and is unfossiliferous. This is overlain by a fossiliferous 
bed of limestone containing Amphipora ramosa, and the corals 
Thamnopora and Prismatophyllum, etc. Horizons of coral reefs 
have been recognised and Wade has called one of them "The 
Great Devonian Barrier Reef". The total number of species 
now known is 380, brachiopods contributing about half of these. 
They include Schizophoria, Productella, Atrypa, etc. Productella 
productoides has, of these, a wide lateral distribution. 
In the Margaret River area the Middle Devonian limestones 
are overlain by a Goniatite facies which has been subdivided 
into four stages, closely corresponding to the subdivisions of 
the Ammonoid facies of the Upper Devonian in Germany. The 
Devanian beds here form a belt 220 miles long running south-
east almost from King Sound. The strata are over 2,000 ft. thick. 
Further east the Devonian formation is seen again in the 
Burt Range area but the sequence is slightly different. More-
over it is, here, underlain by a 100 ft. thick bed of basalt which 
rests unconformably over older rocks. Casts of Lepidodendron 
are reported from associated sandstones in these beds. 
About 2,600 feet of Carboniferous rocks with Syringoihyris 
and Rhipidomella have recently been reported from the N. W. 
Basin. Teichert (1952:119) has given the following section for 
the Carboniferous formation in the N. W. Basin: — 
Red Hill Sandstone 200 ft. 
Yindagindi Limestone . . . . . . . . 300 ft. 
Williani-sbury Sandstone 1,200 ft. 
Moogooree Limestone . . . . . . . . 900 ft. 
He assigns a Tournaisian age to the Moogooree Limestone. 
The occurrence of Lithostrotion and Syringoihyris in the core 
of a borehole in the Price's Creek suggests their presence in 
the Kimberley Division as well. Thomas (1957) has reported 
1,400 ft. of Carboniferous beds from the Fitzroy Basin, consist-
ing of calcarenites and grey silt-stones. The sequence is known 
as the Laurel Beds. 
The Laurel Beds underlie unconformably the Permian Grant 
Formation and overlie, probably unconformably, the Devonian 
Fairfield Beds. 
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The fossils from the formation include Syringopora, Spirijer 
cf. tornacensis de Kon, cf. Pustula sp., cf. Buxtonia sp., Camaro-
toechia pleurodon var. tripla Prendergast, and other forms. 
Dr. Thomas considers that the majority of the species show 
marked affinities with L. Carboniferous faunas of W. Europe 
and from the Donetz and Moscow Basins of Russia. 
The Tasman Geosyncline 
Surprising though it may appear on the first look, the pre-
Permo-Carboniferous formations of East Australia are as 
different from those of West Australia discussed above as the 
extra-Peninsular are from the Peninsular in India. Further 
the differences appear to run in the same channels. Thus, the 
Kashmir-Spiti formations have their nearest parallel in some 
of the islands of the East India, and have more in common with 
this area than with the formations in Peninsular India, or in 
Western Australia which are much closer to it in distance. 
The succession here, unfortunately, varies from one part 
to the other and it is not possible to pick any area as typical. 
A detailed description will, on the other hand, be out of place 
It would, therefore, suffice to bring out some salient points in 
the geology of this region at the commencement of the Permo-
Carbohiferous period. 
A very important feature, and one to which there will be 
occasion to refer again, is the perfect conformity of the strata 
in the eastern part of the region. The boundary between the, 
Permian and the Carboniferous here has been only arbitrarily 
fixed where the first marine fauna with Eurydesma hobartense 
appears. Apparently there was no break in sedimentation at 
least since the Middle Devonian time. In the western part of 
the belt, however, the Permian formations transgress on to 
older rocks and are, consequently, unconformable. The Car-
boniferous System is represented by both marine and fresh-
water sediments, in which two distinct types of flora, Lepido-
dendron and Rhacopteris occur. Walkom (1944) points out that 
the affinities of both these floras are with the Lower Carboni-
ferous and hence considers that the U. Carboniferous is not 
represented. But. not all geologists are agreed on this point. 
The fact that the Permian beds are conformable over these does 
indicate that there was no break in sedimentation. Brachiopods 
are the commonest element in the fauna. Volcanic activity 
was, apparently, widespread, particularly in New South Wales, 
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TABLE 
Tentative Classification and Correlation of the Carboniferous 
(Adapted from 
NEW SOUTH WALES QUEENSLAND 
J8 
a .2 
'> 5 8-a 
3 © 
Marine 
(a) Emu Creek Series 
of Drake ( = 
Neerkol Series) 
Terrestrial 
Upper Kuttung 
Series with Loch-
invar Shales at 
top ; 
Marine 
Neerkol Series with 
Pustula. Choristi-
tes aff. mos-jitensis 
etc., in lower parts. 
UPPER 
(b) Kullatine Series of 
North Coast, with Rhacopleris Flora 
Tait's Ck. glacial predominant, 
beds at the top. 
a 
Upper Burindi Series 
with coral-limestones 
near the top=D„ of 
Avonian. 
Lower Kuttung ' 
Series with Lepl-
dodendron flora 
predominant. 
Rockhampton Series 
(upper part) with 
Riverleigh and 
Lion Creek Lime-
stone at t o p = D 2 
of Avonian. 
Lepidode.ndron velthei-
mian um present. 
LOWER g 
—Avonian g 
—Dinantion c-i 
Lower Burindi Series 
•with Protocatu'ta 
lyoni in lower parts 
Lepid. veliheimianum 
present. 
(a) Rockhampton 
Series (lower 
part) with 
Protora >i ites 
near the base. 
(b) Upper Star 
Series with 
Philipsia, L. 
veltheimianum 
and L. arts-
trale ( ? ). 
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Rocks of the Cominonicealth of Australia. 
David & Browne) 
VICTORIA, ETC. 
Terrestrial 
ESTERN AUSTRALIA 
(a) Silver Valley Series with 
Rhacopteris Flora, 
(a) ftrant Range and 
Kungangie beds of west 
Kimberley. 
(b) Freshwater beds in 
Mackay-^Prosperine area. 
j(b) Lyons Series (in part) 
of North-West basin. 
!(c) Irwin R. glacial beds. 
'(d) Wilkinson Range gla-
cial beds. 
(a) Upper Drummond Series 
with L. veltheimianum 
and Aneimites mtstrina. 
(b) Pascoe River beds with 
Cordaites., etc. 
i) Marine beds in 
Range East Kimber-
ley. 
(D) Lithoslrotioti limestone >" 
j of Prince's Creek bore, © 
West Kimberley. ^ 
a 
w 
o 
e? 
(c) ? Plant-beds of Yarra da » 
Will, West Kimberlev. 
d) Moogooree Limestone 
etc. of N. W. Basin. 
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and andesites and rhyolites predominate over the more basic 
types. 
Another peculiar feature of the Carboniferous deposits of 
eastern Australia is the onset of glacial conditions in the latter 
part of the Lower Carboniferous times. Thus, igneous activity 
went on concurrently with the glaciation, a condition obtained 
to-day in Greenland. The Carboniferous Period is supposed 
to end with the deposition of the tillites of the Lochinvar Shales 
in New South Wales. Table I, adapted from David and Browne. 
(1950 ; 330), sums up the position satisfactorily. 
It might also be pointed out that in the Lower Carboniferous 
of east Australia the fauna and flora are cosmopolitan and show 
close affinities to the Tethyan and Chinese fauna and flora. 
This difference between the Tasman geosyncline and the 
Western Shield area was noticeable even in the Devonian 
Period. David remarks (ibid.; 260) that "The Middle >and 
Upper Devonian faunas of Kimberley bear no marked resem-
blance to any of those of eastern Australia It is noteworthy 
that in contrast to those of eastern Australia the Upper Devo-
nian beds contain about 66 per cent, of the total known Devo-
nian fauna. In view of their presence in the east, the absence 
of Calceola and Stringocephalus is rather unexpected." Strin-
gocephalus has, however, recently been reported from the 
Devonian formation of Kimberley. 
The above is a brief review of the Pre-Gondwana geological 
formations in India and Australia. Though there is not enough 
of palaeontological evidence to correlate eastern Australia with 
any precision with extra-Peninsular India, there does appear 
to be a certain affinity between these two regions. In charac-
ter the two basins might have been almost identical. David 
(ibid.; 309) acknowledged it when he envisaged the extension 
of the Tethys to this region. In Marshal Kay's terminology 
both were typical eugeosynclinal basins. There was volcanic 
activity in Kashmir beginning in Middle Carboniferous while 
similar outpourings were going on in east Australia. On the 
other hand, Western Australia seems to have distinctly closer 
affinities with Peninsular India. The Devonian and the Carbo-
niferous beds there have, however, no counterpart in India. 
But formations of these ages, if ever formed, might have been 
removed from the more stable parts of Peninsular India during 
the glacial period. In Western Australia also they appear only 
where marine conditions existed at least intermittently, from 
the Carboniferous till about the end of the Permian Period. 
CHAPTER IV. 
PERMO-CARBONIFEROUS PERIOD 
Late in the Palaeozoic Era the unique group of rocks, often 
referred to as the Gondwana System, was deposited. The most 
remarkable feature of this, obviously, was that it was ushered 
in by a glacial epoch which has left its mark in the form of 
tillites, facetted and striated boulders, varves and striated plat-
forms. These tillites lie usually with profound unconformity 
on the older rocks. As the ice cap receded and took the depo-
sition of tillites further and further towards its centre, the 
released areas were naturally covered by vast fresh water lakes 
and marshes, or were transgressed by sea. Sedimentation conti-
nued, more or less uninterrupted in most areas throughout the 
Permian and the greater part of the Mesozoic, and almost every-
where the facies is mixed. The term "Gondwana System" was 
originally applied to the fresh water sediments, but has since 
been extended to include all the Permian-Jurassic Formations 
of Gohdwanaland. In fact the presence of the characteristic 
flora is also not being insisted upon. In India the L. Cretaceous 
beds of Cutch are included. A detailed correlation is given in 
Table II. 
As has been mentioned in the preceding chapter India and 
Australia can each be divided into two geological provinces, and 
these will here be treated separately: 
(A) Peninsular India 
Though they occur in isolated patches, most of the exposures 
of the Gondwana System lie in four river valleys, leaving only 
a few unimportant basins outside. These four river valleys 
are: — 
(1) the classical Damodar Valley, including the Son Valley 
(2) the Mahanadi Valley 
(3) the Narbada Valley, which may be extended to include 
the higher Gondwanas of Kutch 
(4) the Godavari Valley 
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TABLE 
P. INDIA KASHMIR SALT RANGE N.S. WALES Q'LAND 
CRETACEOUS 
JURASSIC 
TRIASSIC 
PERMIAN 
Cretaceous 
Limestone 
Belemnite 
Beds 
Stanwell 
Beds 
Megalodon 
Mahadeva 
Series 
Panchet 
Series 
Limestone 
Trias 
Beds 
Dolomite 
Stage 
Bivalve 
Beds 
Ceratite 
Beds 
Variegated 
Series 
Clarence 
Series 
Walloon 
Series 
Marburg & 
Bundamba 
Series 
Wianamatta: Ipswich & 
Stage I Esk Series 
Hawkesbury 
Series 
Xarrabeen 
Series 
Raniganj 
Coal 
Measures 
i 'Barren 
; Measures 
Zewan Bed 
Upper 
Product us 
Limestone 
M. Proiuctus 
Limestone 
L. Productus 
Limestone 
U. Coal ; U. Bo wen 
Measures [ Coal | Measures 
Barakar 
Coal Meas. 
Umaria-
Karharbari 
Talcliir 
Shales 
Talchir 
Boulder 
Bed 
Gangamopt-! Speckled 
eris Bed , Sandstone 
U. Marine 
Series 
Greta Coal 
Measure 
M. Bowen 
Series 
Convlaria \ !-• Marine 
Bed : Series 
I L. Bowen 
Series 
Agglomera- ' Glacial I Lochinvar 
tic Slates ] Boulder ' Stage 
; Ted I 
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II 
IRWIN 
BASIN IN. W. BASIN 
KIMBERLEY
 T A S M A N I A S.AFRICA jS. AMERICA 
JURASSICS 
OF 
WESTERN AUSTRALIA 
Wagina 
Sandstone 
Carynginia 
Shales 
Irwin River 
Coal Meas. 
High Cliff 
Sandstone 
Fossil Cliff 
Formation 
Holmwood 
Shales 
Nangetty 
Formation 
Mungaden 
Sandstone 
Coolkilya 
Sandstone 
Nalbia S3. 
Wandagee~) 
Formation 
Quinannee 
Shales 
Candle go 
Sandstone ^ 
Bulgadoo 
Shales 
Wooramel 
Sandstone^ 
Callytharra 
Limestone 
Lyons 
Group 
Liveringa 
Group 
Uitenhage 
Series 
Drakensburg 
Volcanics 
Felspathic 
Sandstone 
Ross 
Sandstone 
Cave
 B 
Sandstone.® 
Red Beds S 
Molteno °° 
Beds f 
. 0 
M. & U. g 
Beaufort $ 
Series m 
Sao Bento 
Beds 
Rio De Rasto 
Beds 
S Upper 
{ Estrada 
I Nova 
1 
Serra Geral 
Eruptives 
Noonkanbah 
Formation 
Poole 
Sandstone 
Nura Nura 
Member 
Grant 
Formation 
Cygnet Coal 
Measures 
Fern tree 
Mudstone 
L. Beaufort 
Woodbridgei Series 
Glacial 
Formation 
Grange 
Mudstone ! 
Porter's 
Hill Mea-
sures 
Granton 
Limestone 
Ecca 
Series 
U. Shales 
Boulder Bed Bwyka 
L. Shales Conglomerate 
Lower 
Estrada 
Nova 
I ra ty Shales 
Rio Bonito 
Beds 
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Table HI is adapted from Fox (1930-A: Plate 9) and Krishnan 
(1949 ; pp. 246-7) and gives the standard subdivisions of the 
Gondwana, as well as the correlation of the formations in 
different parts of the country: — 
Talchir Series.—From the foregoing table it would be seen 
that the basal glacial beds in all the areas are known as Talchir. 
They vary in thickness from place to place, as is to be expected 
of a deposit made by a receding ice-cap on an uneven surface, 
and the maximum is over 900 ft. in Raniganj. Only the lower 
beds carry the boulders, while the upper are usually variegated 
shales and varves. The boulders consist mostly of granite 
gneisses which are superficially similar to the older rocks 
around, and no detailed investigation has, perhaps, been carried 
out to establish this. But, in addition, there are other types, 
chief of these being quartzites. In the Son Valley (Singrauli) 
area, the author noted that the striations were carried almost 
exclusively by a maroon red quartzite boulders, which range 
up to 8-10 inches in diameter, whereas the gneiss boulders were 
often as much as four feet or more across. Boulders over 
fifteen feet in diameter have been recorded from other areas. 
It is not known with certainty where these quartzite boulders 
came from. Some are said to be similar to some Vindhyan 
quartzites, but no detailed work has apparently been attempted 
and none has so far been proved to be of that origin. The 
boulder bed itself is never more than 100 ft. in thickness. Work-
ing in the Talcher Coalfield Mr. K. K. Dutta (personal communi-
cation) noticed khondalite boulders in the tillite, while the 
known exposures of khondalite are only to the south of the area. 
In Singrauli the author noted gabbro boulders over four feet 
in diameter. No gabbro is known from the area to the north. 
Overlying these are thinly bedded, fine grained, variegated 
shales which break up into long, narrow pieces, and are, con-
sequently, referred to as "Needle Shales". In modern termino-
logy these should, perhaps, be classed as typical fine greywackes. 
Specimens from Singrauli showed that a good proportion of the 
quartz in the shales was not rounded and there was considerable 
amount of garnet present. None of the gneisses in the neigh-
bourhood are, however, rich in garnet. Some sandstones are 
present near the top and in places there are small pockets and 
lenses of limestone. Fermor has reported thinly bedded lime-
stone from the former Korea State. No fossils are reported 
from these. 
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Plant fossils have been reported from a number of areas, 
the most important of these being Rikba in Karanpura Coal-
field, which have been described in Palaeontologia Indica, 
Series XII, Vol. IV, page 2, (1886). They include: — 
I ' te r idosperniae—Glo^optai-s imlini, G. communis, 
OanyamopUrix cyiioptcroidcs, 
0. tiii-jv-'tifuliti, 11. buriadica. 
CordiataK's—Suajiimlli'tnpy'i* hi*lopi, e tc . 
Damuda Series.—The Damuda Series overlies the Talchir 
Series with a distinct unconformity in many places, though 
they are apparently conformable in Raniganj. In addition, 
there is a change in lithology, from the coloured shales to white, 
felspathic sandstones, and shales, carbonaceous shales, coal 
seams, clay bands, etc. The Damuda Series is divided into 
four stages:— 
(4) Raniganj Coal Measures 
(3) Barren Measures (Iron-stone Shales) 
(2) Barakar Coal Measures 
(1) Karharbari Stage. 
The Karharbari Stage consists of pebbly grits and sand-
stones, with a maximum thickness of about 400 ft., and carries 
a few coal seams, two of which are being worked. 
The Barakar beds are the most important coal measures of 
the country, and carry in the Jharia coalfield, no less than 24 
seams over three feet in thickness, and at least 21 of these are 
over five feet. The thickest, the Kargali seam, in the Bokaro 
coalfield, is well over 130 ft. thick. The Barakar Stage has 
been recognised in practically every major coalfield and its 
maximum estimated thickness is over 2.000 ft. 
The plant fossils contained in it include: — 
Equise ta les : Rthhow-iira q'>nilwanf>.nsi<, S. vanli, , 
P/ii/Uothfai grri"barlii-
I ' te r idosperniae : Gln.isoplr-ri.1 inrfira, (I. communis, 
(•• am phi- ft. filif-rn, Gaii'/aimiptrri* riirlnpt' rciil'x. 
Sphenoplcris • t,'>iwnrphii. 
( 'vcadophyta : Tn.-iiiojii- ri* <\u»<> ohhs. '/'. fnhlcni. 
C'ordaitalcs : Xcr ir/crathinp^i" hi»Iopi, X. vhillitni/i. 
Da,l .r-ilon inrti<'a. 
The Barakar Stage passes into the Barren Measures without 
any visible break. In places the Barren Measures are so highly 
ferruginous that they have been described as 'Iron-stone Shales' 
and worked, not only on a cottage industry scale, but also for 
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a modern blast furnace. Their thickness varies from about 
1,400 ft. to 2,000 ft. and as the name indicaj.es. they are com-
pletely devoid of any wo rkable coal seam. Outside the limits 
of the Damodar Valley, the Barren Measures are not recognis-
able as such, since the overlying Raniganj Stage also does not 
carry any coal. In the Satpura region beds equivalent in age 
are known as Motur Stage. 
The Raniganj Coal Measures are typically developed in the 
Raniganj coalfield where they have a thickness of over 3,000 ft. 
They are composed of sandstones, shales, and coal seams. The 
sandstones are distinctly finer grained, harder, and perhaps 
carry a smaller proportion of felspars than those of the Barakar 
Stage. Workable seams occur in the Raniganj field alone. 
The fossil flora they carry is rich and varied, and includes: — 
Equi-ieta'ej- : Xcltizonrura goiiJmun nsis. l'hyllothcca indica. 
Sphenophyllales : Uphenophijllum spciiosum. 
Pteridospeniiae : Glossopteris imliru, G. communis, 
O. brou-niana, G. rcliftra, G. angissHfolia, 
G. stricta, G. tortuosn, G. j'urmosa, 
G. divergent, G. Conspicua, Gaagamopteris whittiana, 
Sphenopteris huiihesi, <S. polymorplia etc. 
( ordiiitales : Xoeggirathiopsis hislopi. 
Coniferalcs : Buriudia seinirdi. 
Also Incertae, Giukgoalos, FiUeales, 01 
Umaria Marine Bed.—Extremely interesting, however, is the 
so-called Umaria Marine Bed, comprising four two-inch thick 
limestone bands, contained in teft feet of shales, and carrying 
marine fossils, which is exposed in a r'ailway cutting in Umaria 
over a length of only a few feet. Gee (1928) considered that 
the fossil bed formed the basal bed of the Barakar Series and was 
unconformably overlying the Talchir Series. Ahmad (1957) 
has. however, pointed out that the bed distinctly belongs to the 
Talchir Series and there is no fault or unconformity separating 
the Talchir Series from the overlying Barakar beds. Thomas 
(1954) considered that the fauna has close affinities with the 
distinct Permian fauna of Western Australia. The recent dis-
covery of a similar bed in the Hasdu Valley, about a hundred 
miles to E.S.E., in the lower part of the Talchir Series, further 
strengthens the case in favour of Ahmad's interpretation. The 
fauna from this new locality has been described by Datta (1957) 
who records the presence of Aviculopecten sp., Eurydesma (?) 
cor datum, E. (?) globosum, and the gastropod Pleurotomaria 
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nuda. Datta was, apparently, unaware of Thomas' important 
contribution referred to above, and presumably the Australian 
species of Eurydesma were inaccessible to him. The fauna 
may, therefore, need a restudy. 
The occurrence of the isolated Umaria Marine Bed, in the 
heart of the country, has puzzled the Indian geologists ever 
since its discovery in 1921. Fox (1931 ; 234-5, also Plate X) 
on Fermor's suggestion, envisaged an arm of the sea running 
to the north, right across the Vindhyan Ranges which he, else-
where, mentioned were high mountains at the time. Krishnan, 
(1949; 284-5) consequently, thinks that a connection to the 
west is more probable. The fossils are said to have some 
affinities to the east, (Assam and Burma) rather than to those of 
the Salt Range, (Coggin Brown ; 1912 ; 238-240 ; Tschernyschew : 
1904, 186-187; Diener: 1905, 189). The question will be taken 
up in detail in a later chapter when the palaeogeographic map 
of India is discussed. 
(B) Extra-Peninsular India 
The record of extra-Peninsular India reveals an altogether 
different geological history from that given in the section above. 
The deposits are mostly of marine origin which, perhaps, carry 
one of the best known records of the evolution of life. In fact, 
part of it is considered to be the best record of the Middle 
Permian fauna in the world, and is often referred to as the 
"Punjabian Age." The Salt Range, the Spiti-Kashmir and the 
Simla-Garhwal areas are again the preservers of this record. 
The Salt Range.—This area has received a great deal of atten-
tion from both Indian and foreign geologists, not only because of 
the intrinsic interest in its fossils and the age of the Saline 
Series underneath, but also because the Productus Limestone 
was the first fossiliferous bed to be discovered in India. 
The succession is as follows: — 
f Chideru Stage : Marl and Sandstones 
Upper 
200 ft. -, Jabi », : Sandstones and marls with 
Opbalopodp.—Kungurian 
Productus 
Limestone 700 ft. u Kundftghat, : Sandstones with Belhropfton? 
Middle fKalabagh,, : Crinoidal limestones, with marl 
200—400 ft. and dolomites, 
I Vimal .. : Cherty limestone.—Punjabian 
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Lower 200 ft. 
fKatta Brown, sandy limestones and 
calcareous sandstones. 
l^Amb ,, : Limestones with FusuJina and 
calcareous sandstones. 
—Artinskian 
f Speckled Sandstone Stage: Clays, gray and blue. 
300 ft. Mottled sandstone, with 
Gantjamopteris etc. 
Speckled sandstone 
300 ft.—500 ft. 
Conularia Beds 
200 ft. 
Boulder Beds 
10 ft.—300 ft. 
01ive shales and sandstones 
with Conularia and 
Eurydesma—Sakmarian 
to Uralian 
Glaciated boulders in fine 
matrix. 
As has been mentioned in the last chapter, the lowest bed of 
the formation is a glacial tillite which rests unconformably over 
the Salt Pseudomorph Bed, supposed to be of Cambrian age. 
The tillite carries boulders which are said to have their 
source in the Aravallis and the Kirana hills, and a striated pave-
ment* in west Rajputana indicates that ice did move in that 
direction. These tillites are overlain by Olive Shales, Speckled 
Sandstones, Lavender Shales etc. They carry a rich, varied 
fauna, in which Conularia is the most abundant genus. The 
fossils include: — 
Gastropoda 
Lamellibranehia 
Brachiopoda 
Conularia laevigata, C. uarthi, C. punjabica, C. salaria, 
Pleurotomaria nuda, Buccania uarthi. 
Pseudomonotis subradialis, Eurydesma cordatum, E. 
hobartense, E. subovalum, Sanguinoliles tenisoni. 
: Spirifer vespertilio, Martinicvsis darwini, Chonetes 
cracowensis, C. prath. 
Near Kathwai Glossopteris and Gangamopteris occur a few 
feet above the marine horizon carrying Conularia. This Conula-
ria fauna, along with Eurydesma hobartense, and E. cordatum, 
is also recorded from the Lower Marine Series in New South 
Wales, where again it is associated with Gangamopteris, and a 
correlation is reasonably well established. 
Overlying the Speckled Sandstones is the classical Productus 
Limestone Series which has been subdivided into several stages, 
as in the table given above. It is very rich in fossils, particular-
ly in brachiopods. Space would not permit a complete list of 
the fossils, but the following is representative: — 
Brachiopoda : Productus indicus, P. spiralis, P. transversalis, P. 
Uneatus, P. cora, Spirifer marconi, S. kinsari, S. nigerr 
S. wynnei, S. warchaensis, Orthis indica, Athyris sub-
erpansa, A. royssii, A. capillata, Marginiferatypica* 
Dielasma trimuense, D. elongatum. D. truncatum. 
* This may, however, be older. 
28 AHMAD: PALAEOGEOGRAPHY OF THE GONDWANAS 
Lamellibranchia : Aviculopecten regularis, A. morahensis, Schizydus emer-
ginatus, S. dubiformis, Solemia biannica. 
Gastroproda : Pleurotomaria durga, P. punjabica, Belhroplion equi-
vocalis, B. jonesianus. 
Cephalopoda : Meiacoceran goliathus, Waagenocerasoldhami, Xcnodiscus 
plicatus, Xenaspix carbonaria. 
Thomas and Dickins (1954, 222) are of the opinion that "a 
distinct difference also exists between the fauna of the Lower 
and of the Middle and Upper Productus Limestone." They 
place the latter in the Tartarian, and the former in the 
Artinskian. 
This fauna is almost identical with that of Kashmir and it 
has been suggested that the two areas represent the two shores, 
of the geosyncline. It, is, however, more probable that the 
eugeosyncline lay further to the north and both Kashmir and 
the Salt Range lay on the same shore. Differences in ecology 
would explain the slight differences in fauna. 
Kashmir—The Permo-Carboniferous succession in Kashmir 
is summarised below: — 
Zewan Bed Fossiliferous shales and limestones with 
500' Protoretepora ampla at the base. 
Gangamopteris Cherts, siliceous shales, carbonaceous 
Bed shales and flaggy quartzites. 
200' 
Agglomeratic Typical greywackes and beds of trap and 
Slates thin limestone bands. 
? 
i 
The volcanic activity which started in the Middle Carbonifer-
ous Period is believed to have continued throughout the Permian 
Period. The basalt is amygdaloidal, olivine free and does not 
contain any well formed augite crystals. The flows form distinct 
lenses, and there are beds of inter-trappean fossiliferous lime-
stones. The lavas are occasionally inter-bedded with the slates 
but generally they occupy separate areas, as the traps are not 
very extensive and vary in thickness from place to place. It Js, 
however, by no means certain that these so-called "traps" are 
not intrusive and belong to a much later period of igneous 
activity. 
The slate is a typical graywacke, and "the embedded frag-
ments are quite angular and often become very large in size 
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at random. They are pieces of quartzites, slate, porphyry, granite 
etc., irregularly dispersed in a fine grained matrix. The rock 
is generally unfossiliferous throughout That such a rock 
could not have been the product of any simple process of sedi-
mentation, whether subaerial or submarine, is quite clear, and 
the origin of the deposit so widespread and of such uniform, 
character is a problem" (Wadia: 1949 ; 411). As has been men-
tioned earlier, the succession in this area is conformable and 
sedimentation was more or less continuous from at least the 
Ordovician Period, till, perhaps, after the Jurassic, and well over 
15,000 ft. of strata were deposited. The Agglomeratic Slates, 
therefore, are not likely to be simple sedimentary breccias 
similar to what are known to have accumulated in front of a 
moving geanticline in the Alpine region. Even though striated 
boulders have not been found in this, the author considers that 
there cannot be any doubt that this is a tillite. Conformably 
overlying the Agglomeratic Slates and similarly underlying the 
Zewan Beds is a series of shales and quartzites which has yielded 
a typical Gondwana flora. 
The Zewan Beds are an important stratigraphic horizon as 
they have yielded fossils which permit easy correlation with 
other parts of the world. The fauna, as has been mentioned, 
is very closely allied to that of the Salt Range, and includes: — 
Brachiopoda : Productus cora, P. indicus, P. spiralis, P. abichi, 
Hpirifcr rajah, (abundant), S. fasdner, Marginifira, 
hi malayensis (abundant), M. rihiana, Chonetes Ussar-
ensis, C. laevis, etc. 
Bryozoa : Protorctepora ampla, Feneslella aff. fossula. 
Spiti.—The Permo-Carboniferous Kuling System of Spiti un-
conformably overlies the Po Series or earlier rocks. The lowest 
beds are grits and quartzites overlain by calcareous sandstones 
and these, in turn, are overlain by the brown or black, carbona-
ceous and siliceous shales known as Productus Shales. These 
Productus Shales have been identified in Kashmir, Kumaon and 
Nepal, and in spite of their vicinity to the Salt Range, the fauna 
they exhibit is considered to be of different facies. Amongst the 
species present are: — 
Brachiopoda : Producuts purdoni, P. abichi, P. aangeticus, Spirifcr rajah, 
S.fasciger, Marginifera himalaycnsis, Chonetes lissar-
ensis. 
•Cephalopoda Xenaspis carbonaiia, Cyclolobus oldhami C. kraffti. C 
liaydeni. 
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Simla-Garhwal—The Permo-Carboniferous of this area begins 
with the Blaini Tillites lying unconformably over older rocks. 
The Blainis, unlike their counterpart in Peninsular India, contain 
some limestones and slates. They are overlain by a 2,000 ft. 
thick formation known as the Krol Series, which varies in litho-
logy from place to place. The following table gives some idea 
of this change: — 
SIMLA AREA GARHWAL 
Upper Krol: Limestones Massive limestone 
Middle „ : Red Shales Purple Shales 
Lower „ : Limestones Massive limestone 
The whole are, has been involved in complicated thrusting 
and faulting. 
Other Areas.—Permo-Carboniferous rocks are reported from 
Hazara, where a bed of conglomerates is overlain by a series of 
purple and speckled sandstones, shales and dolomitic limestones 
with a total thickness of over 2,000 ft. 
Rocks of the same age also occur in Darjeeling, Bhutan, 
Assam, etc., but their geology is only meagerly known. Tillites 
and coal seams have been recorded from eastern Nepal and 
Darjeeling and coal seams and marine beds from further east. 
In Mt. Everest area the Carboniferous Mt. Everest Limestone is 
overlain by about 2,000 ft. of Lachi Series which, in its calcareous 
sandstone, carries an Upper Permian fauna. It is overlain by 
the Tso Lhamo Series of Triassic Age. 
(C) Western Shield (Australia) 
The areas where Upper Palaeozoic rocks occur in Western 
Australia have been mentioned in the last chapter. Though the 
more accessible areas on the west have received considerable 
attention during the last few years, not much is known about 
the interior. The following review, however, gives a satis-
factory idea of the geology of this region. 
Collie, Muja and Wilga Basins.—The Collie Basin in the 
south is only about a hundred square miles in area. The strata 
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consists of micaceous shales and current bedded sandstones. It 
is divided into (Fairbridge: 1952): — 
Cardiff Formation . . . 300 ft. 
Collieburn Formation . . . 1,220 ft 
Collie Formation with tillite (70 ft.) 1,400 ft. 
2,920 ft. 
The Permian strata here are covered by Tertiary deposits, 
though further west Jurassic beds are known to occur. The 
succession is known only from bore records. The entire forma-
tion is of fresh water origin and recent work indicates isolated 
basins with rounded basin-centres, in each of the three areas. 
Fairbridge (ibid : 144) points out that "analysis of plant spores 
shows a clear correlation between the two upper forma-
tions, Collieburn and Cardiff, with the Upper Permian (Tomago 
and New Castle) Coal Measures of N. S. Wal^s as suggested by 
David (1932) long ago, and with the Lower Gondwanas of India 
in the other direction. The Collie Basin appears to have lain 
palaeogeographically in an intermediate position. With the 
Lower Permian Greta Coal measures of New South Wales 
there is no close tie up with the Collie (Lowest) Formation." He 
further mentions that, "at least the Collieburn and Cardiff stages 
are younger than and not equivalent to the Irwin River Coal 
Measures as has often been assumed in the past." 
This would, perhaps, suggest a correlation of the tillite below 
the Collie Formation with the erratics in Carynginia Shales of 
the Irwin Basin. 
Irwin and N. W. Basin.—The sediments in these two areas 
have much in common though they have been described under 
different names. Thus the Callytharra Limestone in the N. W. 
Basin has a fauna very similar to that of the Fossil Cliff Forma-
tion of the Irwin Basin, stated to be of the lowest Artinskian 
age. Eustatic oscillations seem to have affected both the areas 
simultaneously and facilitate correlation even though the N. W, 
Basin had marine deposition throughout. The sections for the 
N. W. Basin given in Table IV below are after Teichert (1952 ; 
120) and from a personal communication from Mr. M. A. Condon, 
Bureau of Mineral Resources, to whom the author is grateful, 
while that for Irwin River is after Fairbridge (1952 ; 140). The 
correlation is derived from their descriptions. 
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TABLE IV. 
N. W. BASIN IRWIN BASIN 
Condon's Section Tekhert 's Section 
UNCONFORMITY UNCONFORMITY 
Kennedy Group 1,050' Mungaden Sandstone 700 
Coolkilya Sandstone 1,000 
Nalbia Sandstone 190 
Wandagee Formation 000' Wandagee Formation 600 Wagina Sandstone 300' 
Quinannio 8hale 450' Quinannie .shale 500 
Cnadlegu Formation 1,000' Cundlogu Sandstone 750 
Bulgadoo Shale 850'") Carynginia Shales 800' 
Mallens Sandstone 1.000' ^Bulgadoo Shales 2,050 
\ J Coyrie Formation 725 J 
Wooramel Sandstone 200' Wooraniel Sandstone 340 Irwin River Coal 
Measures 160 
High Cliff Sandstone 110 
Callytharra Formation Callytharra Limestone 050 Fossil Cliff Formation 
700' " 180 
Holmwood Shales—1,650' 
Lyons Group 4,300' Lyons Group 2,000 to 2,500 Nangetty Formation 80O 
Tota l : 12,135' 9,890 4,000' 
North of R. Gascoyne the Callytharra Limestone increases in 
thickness and limestone becomes more important. Its fauna 
has some affinities with Timor. 
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The Callytharra Limestone has yielded a fossil fauna which 
contains the following: — 
Aviculopecten cf. A. subquinquelineatus, Atomodesma cf. A. 
mytiloides, Fenestella spinulifera, F. pectinis, F. fossula, Proto-
retepora ampla, Chonetes pratti, Reticularia lineata, Productus 
semireticulatus, P. punctatus, P. undatus, P. spiralis, P. indices, 
Spirifer hardmani, S. fasciger, S. dubia, S. convolutus, Conularia 
warthi, Bellerophon costatus, Pleurotomaria sp. etc. 
C. E, Prichard has recently reported the presence here of 
Metalegoceras Schindewolf closely related to M. clarkei from 
the Nura Nura bed of the Fitzroy Basin, discussed later. 
The Wooramel Sandstones are mainly current bedded mica-
ceous sandstones in which some brachiopods, pelecypods and 
bryozoa occur. The transition is very sudden and a distinct 
shallowing of the basin is said to be indicated. 
The Bulgadoo Shales appear to be a continuation of the 
shallow basin conditions that characterise the Wooramel Sand-
stone. They are composed of carbonaceous siltstone and quartz 
greywacke and contain a fauna that is very distinct from that 
of the Callytharra Limestone. It is here correlated with the 
Irwin River Coal Measures in the lower part and the Carynginia 
Shales in the upper part. 
The Irwin River Coal Measures carry several seams, and one 
of them is reported to be 12 ft. thick, but is of inferior quality. 
D. Carroll (1945 ; 91) examined the heavy mineral assemblage in 
these Coal Measures, and came to the conclusion that the garnets 
must have been derived from a western source. 
The Carynginia Shales are jarositic and carry dumps of 
erratics, not probably known from the equivalent horizon m 
the N. W. Basin. It is probable that these shales are also to be 
correlated with the Cundlego Sandstones and the Quinannie 
Shales of the N. W. Basin. 
With the deposition of the Wanda gee Formation began a 
period of general shallowing of the basin, also reflected in the 
Wagina Sandstones. They are composed of siltstones, quartz 
greywackes, calcareous sandstones with some limestones and are 
highly fossiliferous. The list given by Raggatt and Fletcher 
(1937) contains:— 
Spirifer rostalinus, S. marconi, S. byroensis, S. fasciger, S. 
convolutus, Aulosteges ingens, A. baracoodensis, Taeniothaerus 
subquadratus, etc. Teichert (1952 ; 128) remarks that "One of 
the most remarkable developments in the Wandagee Formation 
is the explosive evolution of the crinoid Calceolisponaia." He 
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has added many species to the list of fossils which now totals 
over 150 species and includes Strophalosia kimberleyensis, Cleo-
thyridina royssii, Euryphyllum reidi, Verbeekiella mersa and 
Cardiomorpha blatchfordi, Fistulipora compacta, F. conica, Poly-
oora multworifera, and P. retificus. 
The Wagina Sandstones appear rather abruptly, though 
perfectly conformably, above the jarositic shales. They consist 
of red and white mottled sandstones and in the higher parts have 
intercalations of carbonaceous shales and creamy white clay 
shales. There are bands of conglomerate and grit through the 
entire formation. There are plant fossils in these. 
The fossil assemblage in the Nalbia Sandstone appears to be 
different from that underneath. Most prominent are a new 
species of Schizodus and Oriocrassatella stokesi, also present in 
the Desert Basin and in the Permian beds of the Northern 
Territory. Close to the top of the formation occur Thomnopora 
immensa, and Strophalosia kimberleyensis. 
The Coolkilya Sandstone carries Hilicoprion davisii, Para-
gastrioceras wandageense, and Calceolispongia robusta. Verbee-
kiella mersa and Propinacoceras australe persist from the 
Quinannee Shales. 
The Mungaden Sandstones are medium to coarse grained 
rocks which vary between quartz sandstone and sub-greywackes, 
mostly highly ferruginised. They are poorly fossiliferous, but a 
rich bed, 150 ft. above the base, carries Chonetes and Strep'to-
rhynchus. At 380 ft. there is a Neospirifer horizon, and close by 
silicified wood is found. They are separated from the Jurassic 
Curdamurda Sandstones by an angular unconformity. 
Thus the sections, though very thick, are incomplete, and 
Teichert considers all the beds up to the top of the Wandagee 
Formation as of Artinskian age, with the possible exception of 
the glaciogene beds at the base. He stated (1947 ; 28) that "Even 
the thickest section known in W. Australia represents only part, 
almost certainly not more than half, of Permian time."* 
Desert Basin.—Very little of the geology of this vast area, 
supposed to be 140,000 square miles, is really known. Wade 
alone did some detailed work in the North-West corner, and 
later Guppy examined a small area. 
* Younger Permian beds have since been reported in the area by Thomas and 
Tjickins. See, page 36. 
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The following succession is from a recent paper by Guppy 
and others (1952:108): — 
TABLE V. 
•UNCONFORMITY 
Liverlnga Group 
FACIES Thickness in feet 
Impure sandstone, sedimentary iron 
ore, sandstone, siltstone 
Mainly estuarine. 
1,200 Approx. 
Noonkanbah Formation 
Sandstone, siltstone, shale and clay-
stones 
Marine and brackish water 1,200 
Poole Sandstone 
Nura Nura Member 
Sandstone, arkosic sandstone, conglo-
merate 
Estuarine 
Grant Formation 
-EROSIONAL 
Limestone, sandstone, bands of con-
glomerate 
Marine 
UNCONFORMITY 
UNCONFORMITY 
Sandstone, conglomerates, arkosic 
sandstone, tiilite, siltstone, shale 
and limestone 
Glacial and aqueo-glacial 
Devonian Limestone 
200—1,200 
25—50 
0—3,500 
The Grant Formation includes all the glacial sediments above 
the Devonian Limestone. There were apparently two distinct 
phases of glaciation and an interglacial period. The flora in the 
upper glacial beds is said to have some affinities with that of 
Karharbari Stage in India, but fossils are not very common. 
The Nura Nura Member carries a rich fauna, including 
Metalegoceras clarkei, and Thalassoceras wadei, which, according 
to Miller (Teichert: 1941 ; 303) are Artinskian. Also present 
are: Aviculopecten cf. A. subqvAnquelineatus, Atomodesma cf. A. 
mytiloides, Syringothyris, Neospirjer. Derbya, Choneti, etc. 
There is, apparently, a disconformity below the Nura Nura 
Member. The Poole Sandstone consists of well bedded, white 
weathering to light brown, fine, micaceous sandstones with plant 
remains. Outcrops of low elevation are commonly highly 
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ferruginised. Cross-bedding, ripple-marks and worm tracks are 
characteristic. 
The thickness of the formation increases in a north-westerly 
direction from approximately 200 ft. in the Poole Range, to 
approximately 600 ft. in western St. George Range and to at least 
1,200 ft. in the Nerrima Bore and Grant Range. The flora which 
includes Glossopteris cf. browniana, G. cf. indica, Noeggera-
thiopsis hislopi, Samaropsis milleri, etc., is considered to be 
Middle to Lower Permian (Teichert: 1941). 
Nooncanbah Formation carries a rich fauna. Approximate-
ly 170 species have been recognised which include: Spirifer 
rostalinus, Taeniothaerus subquadratus, "Chonetes pratti", Stro-
phalosia kimberleyensis, etc. with many bryozoa and corals. 
Some of the beds are gypseous and saliferous, indicating that 
the basin was. on occasions, barred. 
The Liveringa Group is highly ferruginised. The lower 
parts are marine and contain alternating calcareous, sandy sedi-
ments, gray-green arkosic sandstone and intercalated limonite. 
Overlying these are estuarine beds with plant remains and 
finally about 600 ft. of shales. 
Thomas and Dickins (ibid.) have recently reported the pre-
sence of a distinct U. Permian fauna from the upper part of 
the Liveringa Group. This has no counterpart in Western 
Australia, but has close affinities with the fauna in the Upper 
Productus Limestone in India. 
It is, however, apparent that a complete Permian succession 
is still not known from Western Australia. 
It is very remarkable that no Gangamopteris has so far been 
found in this basin, and though a very large area remains to be 
surveyed, this agrees with the better known Eastern Australia, 
where none occurs north of Lat. 22°S. Teichert (1943) thinks 
that this was, perhaps, because the plant was better adapted to 
colder climate than Glossopteris and was latitude-controlled. 
It would, however, be difficult to explain the Indian and African 
occurrences of the genus on this supposition. In the later coun-
try it is found from very near the equator. The matter will 
be discussed in a later chapter. 
A distinct rhythm in sedimentation is again very noticeable 
and very tempting to use in correlation. 
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The Permian formation is known from an area within two-
parallel faults, the Pinnacle and the Mt. Fenton Faults. They 
tend approximately N. 37 °W. and to the north-east of the former 
older formations are known. The area to the south-west of Mt. 
Fenton Fault is dune covered, but the available information 
is said to indicate the presence of Mesozoic beds in this region. 
The area between these faults may, therefore, be either a trough 
in which the thickest section of the Palaeozoic sediments had 
been deposited, or a step with a thicker section of Palaeozoic 
sediments south-west of the Mt. Fenton Fault. (Guppy et al: 
1952). 
On the other hand, faulting might have occurred late in the 
Mesozoic Era, and erosion might, since, have removed the 
younger beds from the area between the faults, and completely 
stripped those to the north-east of Pinnacle Fault. In Chapter 
VI it will be shown that this has extensively taken place in India. 
This area, too, like the N.W. Basin, had been subjected to 
erosion before the succeeding formation came to be deposited, 
and originally the sediments might have been thicker. 
Bonaparte Gulf Basin.—There are several small isolated basins 
in this area, each showing a distinct fauna. Exact correlation 
has, therefore, not been possible. Port Keats Group is the best 
known section. 
It is composed of 1,500 to 2,000 ft. of sediments and exhibits 
a fresh-water facies in the lower part, correlated with the Poole 
Sandstone, mentioned above, and a marine facies which may 
be the equivalent of parts of Noonkanbah Formation and 
Liveringa Group. 
It is, consequently, considered to be entirely Artinskian. 
The sediments rest on Precambrian granites and sediments 
and it is remarkable that no glaciogene beds have, so far, been 
found. 
(D) The Tasman Geosyncline 
The Permian was a period of constant disturbances in the 
Tasman Geosyncline. Apparently several small basins of depo-
sition existed at the same time. These were more or less 
separated from one another, and were fed by separate sources. 
It is, therefore, not surprising that successions differ from part 
to part. Nevertheless it is remarkable to note several points of 
similarity between this region as a whole and. for instance, 
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Kashmir, with which it was only indirectly connected, or South 
Africa and even S. America. 
For the same reason no section is altogether representative 
of the whole area. The Hunter River Basin of New South 
Wales, however, remains the classical and by far the most 
important area. David, Sussmilch, and others, have published 
a large number of papers on this area, and its geology is fairly 
well known. Another important area is the Bowen Basin in 
Queensland, and a third is that of Tasmania. These will be 
taken up separately. 
New South Wales.—In the preceding chapter it was pointed 
out that sedimentation in this area was continuous, and the 
boundary is only arbitrarily fixed making the lowest beds of 
the Lochinvar Stage the beginning of the Permian. The suc-
cession, therefore, in this area is as follows, the younger series 
becoming progressively transgressive: — 
Upper or New Castle Coal Measures. 
Newcastle Stage 1,500 ft. 
Tomago Stage 3,000 ft. 
Upper Marine Group. 
MuVbring or Crinoidal Stage 3,000 ft. 
Muree Stage 400 ft. 
Branxton Stage 3,000 ft. 
Loner or Greta Coal Measures. 
Coal Measures . . . . . . . . . 300 ft. 
Lover Marine Group. 
Farley Stage 985 ft. 
Rutherford Stage 1,170 ft. 
AUandale Stage 1,003 ft. 
Lochinvar Stage 2,740 ft. 
16,095 ft. 
David and Browne (1950 ; 330), consider that the marine 
fossiliferous horizon with erratics and containing Eurydesma 
should be the base of the system, and think that beds above the 
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E. hobartense Zone are Permian (Artinskian). Higher up, the 
stage consists of shales, shaly sandstone, tuff and lava flows. The 
Allandale Stage consists of tillites, andesitic tuff and tuffaceous 
sandstones, etc. The Rutherford Stage exhibits a lateral change 
in fades between West Maitland and Pokolbin. In the latter 
locality it is thickest and consists of shales, limestones, sand-
stones and lava flows ; whereas in West Maitland the rocks are 
mainly shales, sandstones and mudstones. The Farley Stage is 
formed of fossiliferous sandstones, grit and tuff etc. and rare 
erratics. The bottom bed is known as the Ravensfield Sand-
stone and because of its persistency, is a valuable marker 
horizon in fieldwork. 
The Lower Marine Group have yielded a rich fossil fauna, 
which includes the following:—• 
Bryozoa : Stenopora lasmaniensis, Protorelepora ampla. 
Brachiopoda : Dielasma hastata, Taeniothaerus subquadratus, Terrakea 
brachythaerus. 
Pelecypoda : Aviculopecten tenuicollis, A. sprenli, Deltopecten sub-
quinquelineatua, D. illa'warenais, Eurydesma hobartense, 
E. cordatum. 
Gastropoda : Bellerophon (Warthia) costatus, Conularia sp. 
Gangamopteris occurs about 1,250 ft. above the base of the 
series at Lochinvar. 
Reed (1932) compared this fauna with the Upper Carboni-
ferous fauna of Bren Spur, Kashmir, and found ten species to 
be definitely common, and another sixteen to be closely allied, 
leaving, thus, only eighteen out of 50 species as not recorded 
in Australia, while the remaining are too poorly preserved for 
specific comparison, or their allied forms from Australia are 
poorly described. 
The most important outcrop of the Greta Coal Measures is 
near the Lochinvar dome, and consists of conglomerates, shales, 
sandstones, and coal seams. They contain the typical Permian 
plant fossils. West of the dome they disappear, to re-emerge 
in the core of the dome near Muswellbrook. Here they rest on 
rhyolites, and tuffs, and the latter carry Glossopteris, Ganga-
mopteris and Dadoxylon. The coal measures include seven coal 
seams, aggregating 90 feet. 
The overlying Branxton Stage consists of sandstones, con-
glomerates, tuffs and shales. At about 200 ft. above the base 
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erratics appear and continue till the base of the Mulbring 
Stage. They are considered to have been dropped by floating 
ice. The presence of glendonites, pseudomorphs in calcite 
after glauberite, which have been reported from various locali-
ties from Queensland to Tasmania, provides a useful horizon 
for correlation. The calcareous shales and sandstones of the 
Muree Stage carry a large number of erratics and numerous 
fossils. The Mulbring Stage is composed of soft shales, though 
near the top are a hundred feet of cherty shales and tuffs. The 
Upper Marine Group thins out between Maitland and the coast. 
The fossil fauna of the Upper Marine Series includes: — 
Coolenterata : Phrophyllum gregariana. 
Bryozoa : Prolorelepora ampla. Stenopora tasmaniensis, Fenestella 
propin'juu, F.fossula, Poly pom sp. 
Brachiopoda : Dielasma histata, Slrophalosia clarkei, Terrakea brachy-
thicrus. 
Pelecypoda : Aviculopeclen lenvicollis, A. sproiti, Deltopectcn sub-
quinquelineatus, D. illawarensig. 
Gastropoda : Beliefopkon (Warthia) costatus. 
Many of the species are common with Lower Marine Series, 
the Callytharra Limestone of Western Australia, Kashmir and 
the Salt'Range. 
The Upper Coal Measures carry a rich flora, which includes 
Glossopteris of many species, Gangamopteris, Noeggerathiopsis, 
etc. The Tomago Stage is mainly sandstones, shales and coal, 
whereas the Newcastle Stage is composed of sandstones, shales, 
cherts and conglomerates. Much of the sandstones is tuffaceous. 
It is interesting to note that the flora of the two Coal 
Measures is almost identical. Walkom (1944:7) stressed the 
point when he stated, "I have not attempted to divide the flora 
according to the species present in the Lower and Upper Coal 
Measures. Indeed, I am not quite certain that it would be 
possible to do so with any great degree of accuracy." Consider-
ing the rapid rise and fall of the various species of the Glossop-
teris—Gangamopteris flora, this appears to be rather surprising, 
and, in fact, suggests that the difference in age between these 
Coal Measures was, perhaps, not material. Teichert places both 
the Lower and the Upper Marine Group in the Artinskian, and 
the absence of any difference in their fauna supports the above 
•conclusion. 
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The absence of any difference in the flora should, therefore, 
indicate that the beginning of the Upper Coal Measures should 
also be placed in the Artinskian period. 
It would also be seen from the above that there were at 
least three distinct periods of glaciation in New South Wales, 
i.e., the basal, recorded by the Lochinvar Shales and tillites, the 
second, indicated by the erratics in the Allandale-Rutherford 
Stages, and finally, there was the one that started in the Branx-
ton time and finished early in Mulbring time. Apparently 
glaciation had started in the Middle Carboniferous Epoch. 
Refrigeration, however, ended before the close of the Artinskian 
period. 
Queensland.—Though the general sequence of events appears 
to be the same as in New South Wales, local differences in the 
form of the basins of deposition are reflected in differences in 
lithology and sediments in Queensland. No description would 
really be representative unless at least the formations in central 
and coastal districts are separately described. Space here, 
however, will not permit that, and as a choice had to be made, 
the classical Bowen Basin has been selected. The succession, 
according to David, is: — 
Upper Bowen Coal Measures . . . . . . 9,600 ft. 
Middle Bowen Cool Measures— 
Marine Stage 2,400 ft. 
Collinsville Coal Measures . . . . . 700 ft. 
Lcwer Bowen Coal Measures— 
Mt. Delvin Volcanic Stage 2,000 ft. 
Mt. Delvin Coal Measures 400 ft. 
Mt. Toussaint Volcanic Stage . . . . 3,000 ft. 
18,100 ft. 
The volcanic activity at the base of the formation was 
.certainly more intense than in New South Wales. In Cracow, 
for instance, the lavas alone are almost 10,000 ft. thick. In the 
Bowen Coalfield the rocks are mostly andesitic agglomerates 
and interbedded sandstones which pass into the Mt. Delvin 
conglomerates, sandstones and coal seams, with Glossopteris 
flora. Igneous activity was repeated later. In the area between 
Lotus Creek and Dawson there are some limestones and calca-
reous shales which are rich in fossils, including Eurydesma 
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cordatum. In the Dawson-Mackenzie coalfield erratics occur 
in shales, tuffs and limestones below the E. cordatum horizon, 
but there are no basal tillites north of Bowen R. The fossils 
recorded from the Series include: — 
Taeniothaerus subquadratus, Linoproduclus springsitrensis, Avicvlopecien mitchelli, A. 
tenuicollis, Dielasma hastata, D. cymbaeformis, Plerophyllum gregoriana, Monilopora 
nicholsoni, Fenestella fossula, Protoretepoia ampla, Chonetcs cracowensis, Strophalosia. 
clarkei, Terrakea brachythaerus. 
The flora includes: — 
Phillotfeca australis, P. robusta, 8phenophyllum speciosum, Cladophlebis roylei, Spheno-
pteris polymorpha, S. lobifolia, Glossopteris brouniuna*, 0. indica*, G. ampla*, G. 
tortvosa*, G.jonesi, Vertebraria indica*, Gangamopteris cyclopteroides*, G. angustifolia*, 
Noeggerathiopsis hislopi*, Samaropsis dairsoni, Dictyopteridium sporiforum*. 
Species marked * also occur in the Barakar Coal Measures and 
in the Talchir Series in India, while many others are common 
with New South Wales. Many of these continue in the Upper 
series, but others disappear. 
The lower part of the Middle Bowen Series in the Bowen 
Coalfield is often regarded as a separate stage, under the name 
of Collinsville Coal Measures. It is, essentially, a freshwater 
deposit, beginning with a basal conglomerate and including five 
coal seams. It has yielded Glossopteris indica, G. ampla, G. 
jonesi, Noeggerathiopsis hislopi, etc., Gangamopteris has not been 
found north of latitude 22 °S. The beds above this stage are of 
marine origin, consisting of sandstones and shales and carrying 
erratics. This record of glaciation is, apparently, the equivalent 
of the Upper Marine Group of New South Wales. The beds are 
remarkably rich in fossils, which include: — 
Coelenterata : Plerophyllum gregariana. 
Biyozoa : Fenestella fossula, Stenopora sp., Protorelepora ampla. 
Brachiopoda : Dielasma hastata, D. cymbaejormis, Strophalosia clarkei 
Taeniothaerus subquadratns, Terrakea brachythaerus, 
Spirifer convolutus. 
Pcleceypoda : Aviculopecton tenvicollis, A. sprfnti. 
A bed 93 feet in thickness is almost packed with Strophalosia 
clarkei. 
The Upper Bowen Series consists mostly of tuffaceous grey-
green sandstones, and grey shales. There are some coal seams 
and some basalt flows. The flora still contains Glossopteris. 
The fauna includes a great variety of brachiopods, bryozoa, 
lammellibranchs, and gastropods, mostly the same species as 
found in the Middle Bowen Series. 
In the coastal part of Queensland as well as New South 
Wales, it appears, the deposition was entirely marine in 
character. There is no unconformity underneath and there was 
no break in sedimentation since at least the Lower Carboniferous 
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time. There seems to be no faunal break either. In central 
Queensland, on the other hand, there is an angular unconformity 
below the Lower Bowen Series which overlies the Lower 
Carboniferous Star Formation. 
Tasmania.—Though the author became personally familiar 
with the Permian System in Tasmania, the following descrip-
tion is based on a paper by Hills and Carey (1949), acid another 
by Banks (1952). 
Permian formation is estimated to have a thickness of over 
3,270 ft. and overlies unconformable rocks of the Eldon Group 
(Silurian and Devonian) and older rocks. It begins, as else-
where, with a tillite. The succession is given below: — 
Triassie System 
Disconformity 
Cygnet Coal Measures 200 ft. 
Ferntree Mudstone 300 ft 
Woodbridge Glacial Formation 400 ft. 
Grange Mudstone "l 
Porter's Hill Mudstone ) • • • • . . 1,160 ft. 
Granton Limestone and Marl J 
Basal Glacial Formation 1,220 ft. 
Unconformity Total . 3,270 ft. 
The basal tillites vary in thickness and character in different 
areas. Near Wynyard a striated platform indicates that the 
movement of ice was from the south-west. Some of the erratics 
are reported to have their origin in the western part of the island 
(Florence Quartzite), and this goes to confirm the general direc-
tion of ice movement. 
The lower part of the Granton Limestone and Marl is com-
posed of mudstones and sandstones with thin beds of limestones, 
calcareous shales, etc. The higher beds are largely sandstones 
and mudstones. Erratics are present throughout, though they 
are not common. 
The Porter's Hill Mudstone, yellowish in colour, is also of 
marine origin, though imperfect fragments of Gangamopteris 
are preserved in it. 
The Grange Mudstone is composed of mudstones, marls, and 
limestones while erratics are common in it. The rocks are 
generally yellow to brown, laminated, and rich in fossils. The 
fauna resembles that of Granton Limestones. Wyndhamia 
dalwoodensis is characteristic and allows a correlation with the 
Branxton Stage of the Upper Marine Series. 
About 400 ft. of sandstones and mudstones with erratics up to 
six feet in diameter in the Woodbridge Glacial Formation 
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indicate a return of the glaciation. The sandstones are mainly 
quartzitic, and the grains are angular. Western Tasmania, 
again, appears to be a part of the terrain from which the sedi-
ments were derived. Rarely, there are thin bands of limestone 
too. Fossils are generally rare, but sometimes entire bands 
appears to have been formed of them. 
It would be noticed from the above that glaciation hardly 
ever ceased till the end of the Ferntree Mudstone. The ice cap 
was sometimes situated very near and sometimes it receded away, 
perhaps, to the south west. It will be endeavoured later to show 
that this interpretation fits into the palaegeographic picture 
presented in this paper. 
Correlation 
The correlation of the Gondwana Systems may thus be split 
up into three separate problems: — 
(1) Correlation within the Gondwana formations. 
(2) Correlation of the Gondwana succession with the 
European time scale, the Artinskian—Sakmarian ages. 
(3) Decision where the Permo-Carboniferous boundary should 
fall within the latter. 
For the purpose of the present paper it does not appear to 
be necessary to go into any detailed discussion of Nos. 2 and 3 
above, which really are palaeontological problems. It might, 
nevertheless, be mentioned that the author is inclined to regard 
the Sakmarian as the uppermost part of the Carboniferous. This 
was the view held by Fox (1930—A) in India and by David and 
Browne (1950) in Australia. 
The usual method of correlation is to select a fossil with a 
short vertical, but wide horizontal distribution. The difficulty, 
however, is that there are often not enough dependable species 
available, and they vary in favour. Thus, only a few years ago 
the world of palaeontologists and the stratigraphers was divided 
over the Paralegoceras-Metalegoceras controversy, and the age 
of the Gondwana formations in Australia was supposed to hang 
by the narrow thread of its determination. Now that there is 
agreement on it, it has receded in importance. Teichert has, in 
the meantime, stressed the importance of Helicoprion for the 
purpose of correlation, particularly with the European time scale, 
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But it is to be remembered that correlation on the basis of a 
single species is never very reliable. A solid correlation has got 
to be established on a complete faunal or floral assemblage and 
proved on statistical ground—the type of work done by Cowper 
Reed (1932), or Raggatt and Fletcher (1937), quoted earlier. 
The correlation given in Table II above is based mainly on 
those of Fox (1931), David and Browne (1950) and Teichert 
(1941). It thus represents the more orthodox view, and is widely 
supported. A slightly different correlation is provisionally sug-
gested in the following pages. It is based on the rhythm in 
sedimentation, mentioned earlier, that has long been recognised 
in Australia, and seems to have affected the character of sedi-
ments in India too. Later in this paper it is suggested that the 
correlation of the S. African formations may have to be revised 
in future. It has not been used here for the simple reason that 
the author does not think that there is enough evidence yet. 
This rhythm in sedimentation above the tillites, as Teichert 
has stressed, is present on either side of the continent. Thus, 
everywhere, with the possible exception of parts of Queensland, 
there are marine deposits in the lowest part followed by fresh-
water sediments. There is, then, a reversion to marine condi-
tions, but the freshwater conditions return later. This might 
have been due to simple eustatic changes in sea-level. Most 
of the basins were of intracratonic type in which the rate of 
sedimentation was usually able to keep pace with subsidence. 
Only rarely the sagging was more rapid and marine invasion 
took place. In this state of near approximation to balance 
between subsidence and sedimentation a superimposed eustatic 
oscillation with an amplitude of, say, 500 ft. might be expected 
to top the balance in many areas, causing an oscillation between 
much more widespread seas and much more restricted seas. 
In any case, this allows a rough correlation of the sediments 
involved, while the contemporaneity of Nura Nura, Callytharra, 
and Fossil Cliff has been discussed earlier, and Cowper Reed's 
correlation of the Agglomeratic Slates-Speckled Sandstone? of 
India with the Lower Marine Group of New South Wales has 
already been mentioned. Raggatt and Fletcher have, on the 
other hand, listed many species which are common to the 
Agglomeratic Slates on the one hand, and the Callytharra-Fossil 
Cliff Limestones on the other and have established their con-
temporaneity. Thomas considered the Umaria fauna to be 
allied to the fauna from the Lyons Group. The Grant Range 
flora is allied to that of Karharbari. Taking all this into account, 
4A 
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should be satisfactory to consider the following as, more or 
less, of the same age: — 
Part of the Lower Marine Series . . New South Wales. 
Part of the Lower Bowen Series . . . Queensland. 
Callytharra Limestone . . . . N. W. Basin. 
Fossil Cliff Formation . . . . Irwin Basin. 
Nura Nura Member Desert Basin. 
Umaria Marine-Hasdu R. Beds Karharbari 
Bed Peninsular India. 
Conularia—Eurydesma Bed . . . Salt Range. 
Agglomeratic Slates Kashmir. 
L. Krol Limestone Simla/Garhwal. 
Perhaps they were really contemporaneous, but it would be 
difficult to prove it unless more work is done and some definite 
evidence is available. As to whether they were Permian or 
Carboniferous in age, Teichert's view is, apparently, the most 
adaptable, to consider the Artinskian/Sakmarian boundary and 
leave the reader to decide for himself whether he regards the 
latter as part of Permian or of Carboniferous. He places this 
boundary below the beds listed above, and there appears to be 
a fair amount of agreement over it. 
But, whereas in eastern Australia the sequences represents 
the entire Permian Period, in W. Australia the preserved sedi-
ments, except in the Carnarvon Basin, end very soon after the 
Artinskian period and represent only about half the Period, 
during which the double facies changes had already taken place. 
Thus, if a correlation of the eastern and Western Australian 
formations on the basis of facies changes is regarded as satis-
factory, it follows as a corollary that the deposition of the U. 
Coal Measures of New South Wales, as has been suggested from 
another line of evidence earlier, started late in the Artinskian 
period and covers the rest of the Permian Period. The rate of 
sedimentation, therefore, was considerably slower than the rate 
of deposition of the lower formations. 
It appears to be very interesting and may be significant to 
note that crustal condition much more stable than what pre-
vailed in the Barakar times may be concluded for the Raniganj 
Coal Measures as well, which might have been contemporane-
ous. The sediments in these are much finer, less felspathic, 
often Pinkish and "the coal seams are much more constant than 
in the case of the Barakar strata" (Gee : 1932 ; 49). This might 
mean that the rate of sedimentation was slower there, too. 
In Table VI, below, is given the correlation based on these 
eustatic changes. 
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CHAPTER V 
THE MESOZOIC ERA 
Though there was, apparently some upheaval at the end of 
the Permian Period in eastern Australia, S. Africa, etc., sedimen-
tation continued altogether unhampered in parts of India. The 
Damuda Series passes into the overlying Panchet Series without 
any break, and the same is the case in Kashmir and Spiti. In 
the Salt Range a slight unconformity is, however, reported. 
Fox has put the lowest beds of the Triassic formation of Penin-
sular India in the Lower Gondwana System mainly on floral 
continuity and this lack of any break (Fox: 1913; 80 et. seq. 
also ibid:176-178). The author is of the opinion that there is 
not enough of justification for this scheme of two-fold division. 
It was, moreover, considered convenient to treat the Gondwana 
System by the geological ages. This would be more in line with 
the treatment in Australia. It would also provide reasonably 
well defined periods for more palaeogeographic maps, and thus 
lead to a closer scrutiny of the conditions of deposition. 
THE TRIASSIC SYSTEM 
(A) Peninsular India 
The Panchet Series consists in general of "Talchir-like" 
greenish-buff to yellowish-brown sediments, both sandstones 
and shales, and a mild glaciation has sometimes been suspected. 
The higher beds near Hirapur are yellowish-grey, micaceous 
sandstones, and red clays. Conglomerates are quite common in 
the higher beds in Raniganj. These may indicate slightly more 
disturbed conditions, though there is need for detailed work. 
One of the main reasons for its inclusion in the Lower Gond-
wana System is the continuation of some species of the Glossop-
teris flora. But at the same time a number of vertebrates and 
Estheria mangliensis are reported from a few localities. They 
are given below: — 
Labyrinthodonta: Gonioglyptus langirostris, G. huxleyi, Glyptognathus fragilis 
Pachygonia incurvata, Pachygnathvs orientalis. 
Reptilia : Dicynodon orientalis, Epicampodon indicus. 
The Panchet Series attain a total thickness of about 1,500 tcr 
2,000 feet. Above these is an unconformity, and the Parsora 
Beds are regarded as the lowest beds of the Upper Gondwana 
System. Glossopteris* suddenly disappears above the Panchets, 
though Noeggerathiopsis persists. Thinnfeldia flora shows a 
remarkable development and T. odontopteroid.es is abundant. 
* Giossoptieris has recently been reported from upper Triassic beds. 
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The Parsora Beds are medium grained, ferruginous and mica-
ceous sandstones. 
The overlying Mahadeva Series, too, is wholly of Triassic age 
and is divided into several stages. It is entirely devoid of any 
carbonaceous matter. The lowest, the Pachamarhi Stage, is 
composed of hard, red and buff, ferruginous shales and sand-
stones. The higher, Maleri Stage, is still red but the sandstones 
are often calcareous. In Rewa they are known as Tiki Beds, 
and carry vertebrate fossils, including Labyrinthodonts, reptiles, 
Saurischia and Thecodonts, which indicate an Upper Triassic 
age. The Denwa and Bagra Stages, found elsewhere, corres-
pond to the Maleri Stage. 
(B) Extra-Peninsular India 
Marine Triassic are extensively developed in this region. 
The succession in Spiti, where it attains a thickness of 4,000 feet, 
is very important indeed, and can easily be subdivided into stages 
corresponding to Bunter, Muschelkalk and Keuper. They are 
also exposed in Baluchistan. Space here, however, will not 
permit of their detailed description. 
Spiti.—The Triassic rocks here are composed of dark coloured 
limestones and dolomites with intercalations of blue coloured 
shales. The formation is very persistent in its colour and 
character, and can be traced over wide areas. Heyden worked 
out the following sequence (Krishnan: 1949; 329): — 
TABLE VII. 
f Massive Limestone and dolomite with 
Kioto Limestone | Slephanoceras 300' from the top. 1,600' 
LIASSIC I Massive limestone and dolomite with 
[ Spirifera noetlingi. 800J 
U N Quartzite Series White and brown quartzites with grey 
P o limestones with Spirifera maniensis. 300' 
P r 
E i Monotis Shales Sandy and shaly limestone with Monotia 
R c salinaia. 3W 
Coral Limestone Limestone with Spiriferina greisbachi 
corals and erinoids. 100* 
T 
R Juvavites Beds Brown weathering slates with Juvavites 
I anoulatus. 800' 
A , 
S Tropite Beds Dolomite limestones with Dielasma 
S C julicum and ammonites. 900' 
I a 
C r Grey Beds Grey shales and shaly limestones with 
D Spiriferina shaUJiulensis. 500' 
i 
o Halobia Beds Dark splintery limestone with Halobia 
of. ccmata. 
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TABLE VII—conid. 
M 
I 
D 
D 
L 
B 
T 
B 
I 
L 
a 
d 
i 
n 
i 
c 
s 
c 
h 
e 
Daonella Limestone 
Daonella Shales 
M V. Muschelkalk 
u 
L. Muschelkalk 
A 1 Nodular Limestone 
8 k 
8 a 
I 1 
C k 
Basal Muschelkalk 
Hard, dark limestone with Daonella 
indica. J 50' 
Black limestone and shales with Daonella 
lommeli. 160' 
Concretionary limestone with shale 
bands and Ptychites rugifer. 20' 
Dark shales and grey limestones with 
Keyserlingites dieneri. 6' 
Hard nodular limestone with » few 
fossils. BO' 
Shaly limestone with Rhynchonella 
greisbachi. 3 ' 
L 
O 
W 
E 
R 
T 
R 
I 
A 
S 
s 
I 
c 
Pseudotnonotis Zone 
B 
u Hedenstroemia Beds 
n 
t 
e Meehoceras Zone 
r 
Ophiceras Zone 
Othc.ras Zone 
Permian 
Limestone with Pseudotnonotis himaica, 
Shaly limestones and shales. 27' 
Thin bedded limestone and shales with 
Hedenstroemia mojsisovicsi. 7' 
Thin bedded limestones and shales with 
Meekoceras varaha. 3' 
Grey limestones with Ophiceras sakuntala 
etc. ' 1' 
Brown limestone with Othoceras woodicardi 2' 
Productus Shales, etc. 
The Triassic beds overlie the- Permian Productus Shales con-
formably and pass, in turn, conformably into the Jurassic. The 
lithology suggests that conditions remained fairly uniform, and 
the eugeosyncline apparently changed into miogeosyncline. 
Communication with the Alpine area had distinctly improved 
and several fossil species are common. 
The succession in Kumaon (Painkhanda-Byans) are is very 
similar and has been mapped in fair detail. 
Kashmir.—The succession here, though apparently thicker, is 
similar to that in Spiti, and this renders separate treatment 
unnecessary. 
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Krishnan (1949 ; 351-354), compares the Triassic formations of 
the Western Himalayas and points out that these distinctly peter 
out between Spiti and Byans in Kumaon or become progressively 
sandy. 
The Salt Range.—Compared to the Triassic formation of 
Kashmir and Spiti, those of the Salt Range are much thinner, 
and attain a total thickness not exceeding 500 feet in the Trans-
Indus area. The sections are, however, incomplete, for the 
Upper Triassic beds are missing. There is, as has been mentioned 
earlier, an unconformity between them and the Permian suc-
cession below. 
On account of their predominance the Ceratites have lent 
their name to the lower part of this formation, which is com-
posed of thin-bedded light grey limestone, shales, sandstones, 
and green marls. The Middle Triassic sandstones are often 
referred to as the Bivalve Beds. These also include beds of 
limestones and dolomites. 
Hazara.—Bedded grey limestone, 500-1,200 feet in thickness, 
represents the Triassic formation here, while in Attock District 
it, apparently, overlies the Precambrian formations directly. 
Baluchistan.—This new area now appears on the map with 
inliers of Triassic beds apparently several thousands of feet in 
thickness, and fairly rich in fossils which include Monotis sali-
naria. In places, these unconformably overlie Productus bearing 
limestones of Permian age. 
(C) Westeita Shield (Australia) 
Information regarding the Triassic rocks from Western Aus-
tralia is meagre. The Derby Series is, however, considered to 
be Triassic in age, and from borehole records rocks of the age 
have been reported in the south. Detailed information is, how-
over, not available. 
(D) Tasman Geosyncline (Australia) 
New South Wales.—While the eugeosyncline had changed, 
perhaps, to miogeosyncline in extra-Peninsular India, it had 
almost died out in east Austi-alia, and the small exposures there 
are mostly thin freshwater deposits. Even these sediments were 
marked by a general tranquility of the basin, though there is 
evidence of some volcanic activity in Queensland. 
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The most important of these areas is in New South Wales 
where a large outcrop occurs around Sydney and for 200 miles 
N.N.W. of it. Three series are recognised, as below: — 
Wianamatta Series—800'— Shales and sandstones with plant and fish remains 
H&wkesbury Series—880'— Coarse to medium grained sandstones. 
Narrabeen Series—2,340'— Red and green shales and sandstones with 
•—4,020'— Taeniopteris and Thinnfeldia. 
They thin out rapidly inland but each series, in turn, occupies 
a smaller area than the lower one. 
The Narrabeen Series consists of chocolate shales and red 
sandstone with some fine-grained conglomerates, and beds of tuff. 
Raggatt has worked out in detail the stratigraphy of these and 
divided them into three stages. The flora indicates close affi-
nities to that of the Panchet Series of India. 
The Hawkesbury Series carries bands of conglomerates in 
sandstones and the pebbles in it are of a great variety. There 
are some bands of shale which carry large blocks with vertical 
bedding. It has been suggested that they are formed by under-
cutting of the shale-beds by suddenly flooded torrential streams. 
Sometimes the sandstone forms the matrix for a breccia of shale 
fragments. 
The lower part of the Wianamatta Series, some 350 feet thick, 
is composed almost entirely of shales and is followed by calcare-
ous and siliceous sandstones. In the shales are included some 
impure seams of coal as well. 
Queensland.—There is considerable evidence of epi-Permian 
earth movement in Queensland and early Triassic sediments do 
not appear to have been developed north of the Tropic of Capri 
corn, though they occur in the Artesian Basin. The formation 
here is: — 
Clematis (Carnarvon) Sandstone 400 ft. 
Moolayember Shales 1,000 ft. 
In the Yarrol Basin early Triassic sediments are known near 
Mundubbera and at Callide. A coal measure occurs in the Cal-
lide Valley and is being worked. 
The Esk Series in the type area is rich in flora and has been 
known and studied in detail. 
Around Ipswich and Brisbane these Esk beds are represented 
by 1,000 feet of Kholo Conglomerate stage of the Ipswich Coal 
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Measures; followed by 3,000 feet of sandstones, shales and coals 
of that group. A rich insect fauna is known from the basal beds 
near Mt. Crosby, and another is known from the top of the 
Ipswich Series at Denmark Hill in Ipswich. 
In the northern part of the Maryborough Basin the early 
Triassic Brooweena Series is estimated to be 4,500 feet thick. 
The Bundamba Sandstone, that overlies the lower Triassic 
rocks in many areas, may be upper Triassic in age. 
It is remarkable that in the Queensland Triassic succession 
there are no red beds. In the entire formation there is no evi-
dence of dessiccation otherwise, and workable coal seams were 
deposited. This is a very unusual feature for the Triassic for-
mations, particularly those of freshwater origin, for almost any 
part of the world. A reasonable explanation has, however, not 
yet been offered. 
Tasmania.—The Triassic formation in Tasmania overlies the 
Permians with a distinct disconformity. The Glossopteris flora 
is, at this stage, replaced by the Thinnjeldia flora and the verte-
brates appear for the first time. The sequence, according to 
Banks (1952), is: — 
UNCONFORMITY 
Felspathic Sandstones 
Ross Sandstones and Shales 
Disconformity 
He considers that in many places the thickness may be more 
than 2,000 feet. 
The Ross Sandstones and Shales are composed, primarily, of 
quartz, some of which have a sparkling appearance due to the 
development of crystal faces around the original rounded grains. 
It is remarkable that this rather unusual character is also deve-
loped in the Molteno Beds of S. Africa and the Hawkesbury 
Series of New South Wales, both of which are considered to 
be of the same age. Certain beds of the Ross Sandstones carry 
abundant muscovite which lends them a distinct fissility. Often 
the beds have small flakes of graphite too. Some evaporites are 
also associated with these sandstones. The sandstones are mas-
sive, even textured and often current bedded. The fossils 
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include labyrinthodonts of the family Captorhinidae, fish, Aero-
lepis hamiltoni, and A. tasmanicus. Plant fossils are common 
and include: Phyllotheca australis, Thinnfeldia odontopteroides, 
Phoenicopsis elongatus, etc. 
The Felspathic Sandstones overlie the Ross beds and include 
the Coal Measures. Some of the beds are distinctly arkosic and 
there may be up to 80 per cent, felspar in the sediments. Shales 
and siltstones are associated with the sandstone. Plant fossils 
are very abundant, and of the 27 species described, 18 are common 
with the Ipswich Series of Queensland. This would indicate a 
Lower to Upper Triassic age for this formation. The fossils 
include: — 
Phylfoth?-a ausiralis, S exizalamitts carrerei, Cladophtebis australis, C. Johnstoni, 
C tasinanica, Thinnfeldia odontopleroides, T. a<:uta, T. feistmanteU, Pterophyllum strahani 
Taen'opteris carruthersi, Oingko digitata, etc. 
Other Areas.—In addition to the areas described above there 
are some restricted lake deposits in Victoria and South Australia, 
THE JURASSIC SYSTEM 
Just as the Triassic was a period of regression, the Jurassic 
was one of world wide transgression. Wide areas in Australia 
were covered by water. In India a large part of Baluchistan. 
Rajputana and Cutch was also covered by sea in the Middle 
Jurassic epoch. On the east coast marine limestones are reported, 
though further inland freshwater deposits continued to be 
formed. The Jurassic deposits are, thus, widespread, and wel] 
preserved fossils are abundant. Thin beds of coal, too, were 
deposited in Peninsular India, as well as in the Punjab. 
(A) Peninsular India 
The Rajmahal and Jabalpur Series cover the Jurassic Period 
and beds belonging to these are scattered all over the Peninsula. 
The Rajmahal Series is composed of about 2,000 feet of trap 
including about 100 feet of intertrappean sediments. The 
crater or fissure from which these traps were erupted is nol 
known, but a distinct increase in their thickness to the north 
indicates that it was presumably in that direction. This mighl 
place the source in the mio- or eu-geosynclinal zone of the 
Tethys. Fossils are contained only in the lower intertrappeans 
the lowest carrying Unio, and the two higher ones, a large variety 
of plant remains. Their age was regarded as Liassic by Feist-
mantel, but B. Sahni considered them to be Upper Jurassic. 
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In the coastal tract between the Eastern Ghat and the Bay 
of Bengal there are outliers in Cuttack, Ellore and Ongole, which 
are assigned a Rajmahal age on the basis of their flora. 
The type area for the Kota Stage, an equivalent of the Raj-
mahal Series, is in the Pranhita-Godavari Valley, where it is 
2,000 feet thick,, and is composed of brown sandstones and grits 
with red clay bands, an occasional bed of limestone, carbona-
ceous shales and rarely a thin seam of coal. It overlies the 
Maleri rocks and there is some difference of opinion about the 
age of the latter. A variety of fossils, including the crustacean, 
Estheria, fish and plant remains have been found in the Kota 
Beds, and indicate an age not younger than Liassic. 
Strata belonging to the Jabalpur Series has been recognised 
at intervals from near Umaria in S. Rewa westward along the 
southern side of the Narbada Valley. Characteristically it is 
formed of white sandstones and clays and carbonaceous shales 
and an occasional thin seam of coal. It is divided into two stages, 
the lower Chavgan Stage has a flora more allied to that of Kota, 
whereas the plants of the upper Jabalpur Stage have their 
nearest relatives in the plant beds of Kutch (Cutch). R. D. Old-
ham (Fox: 1931 ; 144) was inclined to think that the Jabalpur 
flora was formed in a botanical region different from that of the 
east coast. The Jabalpur Series unconformably overlies beds of 
Maleri Stage and progressively overlaps on to older Gondwana 
rocks. 
It appears remarkable that the Rajmahal flora has close affi-
nities with the Jurassic Hope Bay (Grahamland) flora (Hsu: 
1952 ; 148-149), and six species were definitely common. Juras-
sic is generally not considered to be a warm period like the 
earlier Triassic and yet Antarctica had a flora similar to that 
carried by the tropical parts of India, and this may need explana-
tion. 
Cutch.—A formation which rivals that of Spiti in importance 
and fossil contents and exceeds it in thickness is developed in 
Cutch. As these are the oldest rocks outcropping in the region, 
the base is not exposed and the top is eroded away, and yet the 
total known thickness is estimated to be over 6,000 feet. The 
succession is as follows: — 
f Marine sandstones with Crioceras, etc. and sandstones with 
Umia Stage (3,000 feet) J plants. Marine sandstone and conglomerates with Trigo-| nia, etc. Sandstones and shales with Perisphinctes and 
\_Oppelia. 
Katrol Sta^e (1,000 f F e r r u g i n o " s re<1 and yellow sandstones with Aspidoceras 
(_Bhosa Oolite and oolitic limestone with Peltoeeras, etc. 
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f White limestone with Pelloceras, Oppelia, etc. 
Chari Stage (1,100 J Shales with "golden oolites". Grey limestones and marls with 
feet). [^Oppelia, corals, etc. 
Patcham Stage f 
(1,000 feet). •{ Yellow sandstones and limestone with Trigonia, Corbula, etc. 
The fossils from this area were studied by L. F. Spath, who 
distinguished 114 genera, fifty-one of which are new to India, and 
nearly 600 species. No resemblances were detected with the 
Mediterranean, the N. W. European or the Boreal provinces, but 
a revision of the work is called for. There is close' affinity with 
Madagascar. 
Large parts of Rajputana were also submerged by this Juras-
sic sea and the deposits show up in Jaisalmer and Bikaner from 
underneath the all pervading sand. 
The highest beds of Umia carry a flora which is considered to 
be Upper Gondwana in character. Their upper portion contains 
an ammonite bed described as Lower Cretaceous in age. 
Madras.—In the Godavari-Kistna-Guntur tract some marine 
beds occur in association with the Upper Gondwana plant beds. 
The ammonites are badly preserved, but the plant fossils indicate 
an Upper Jurassic age. 
(B) Extra-Peninsular India 
Spiti.—The Megalodon or Kioto Limestone bridges over the 
Trias-Jura boundary, with 290 feet of Triassic and 1,500-1,600 
feet of Jurassic beds. The Jurassic part of the Kioto Limestone 
is called the Tagling Stage and can be followed right across from 
the western border of Nepal to Kashmir, underlying the easily 
recognisable beds of Spiti Shales, about 500 feet thick. Thus 
the total thickness of the Jurassic formation here is about 2,000 
feet. The Spiti Shales are splintery, black, micaceous with an 
abundance of well preserved fossils, especially ammonites. 
There are a few thin intercalations of limestone in the upper 
part. The fossils are often enclosed in calcareous nodules 
There, apparently, is an unconformity between the Spiti Shales 
and the Kioto Limestone, but the former pass upwards into the 
Giumal Sandstones of Neocomian age without any break. 
The Jurassic formation can also be traced to the east of 
Nepal, and probably continues right through it. In Mt. Everest 
area it still retains the characteristic lithology described above. 
Kashmir.—Jurassic beds, almost identical in many features 
with those of Spiti, are developed in the Zanskar Range, which 
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is a direct continuation of the Spiti basin. There, however, 
appears to be no unconformity in many of the localities, between 
the shales and the underlying limestone, and the strata, if any-
thing, may be thicker. 
The Salt Range.—Jurassic rocks, very different from the 
above, are developed in the western part of the Salt Range. The 
section is 100-200 feet thick near Amb, 500 feet near Kalabagh 
and over 2,200 feet in the Surghar Range further south-west. 
The facies is dominantly coastal and in some respects resembles 
that of Cutch, described earlier. Apparently only the Middle 
and Upper Jurassic strata are present. 
The lower beds are known as Variegated Sandstones, and are 
succeeded by Yellow Limestone, Alum Shales and gypseous 
beds. In these beds are bands of haematite and, locally, thin 
layers of "golden oolite", resembling those of Cutch were 
recorded by the author some years ago. 
The Crinoidal Limestone below the Variegated Sandstones 
in the Trans-Indus area may be Lower Jurassic, and it is here 
that the Upper Jurassic is also developed. Near Kalabagh some 
poor quality coal seams are also present, which sometimes carry 
fossil plants of the Jabalpur Stage. 
This distinct change in lithology and the increase in thickness 
towards the south-west suggest that the Salt Range basin at this 
stage, as also perhaps during the Triassic Period, was, apparently 
not directly connected with the Spiti basin to the east. On the 
other hand, it was, probably, connected to the south along its 
western end, i.e., it formed a narrow bay, open to the west. 
Baluchistan.—A Jurassic formation, in some ways like that of 
Spiti is developed here and attains a thickness of 3,000 to 4,000 
feet near Quetta. There are crinoidal and oolitic limestones, 
and calcareous shales. The fossils allow an easy correlation 
with the European Lias. Triassic rocks are also well developed 
on the Makran coast. The area was, apparently, a gulf or bay 
of the Tethys and might have continued into Cutch. The faunal 
differences, in that case, would be ecological. 
In Attock and Hazara districts Jurassic beds similar to those 
nf Spiti are developed. 
(C) Western Shield (Australia) 
The widespread Middle Jurassic transgression which affected 
such large areas in India seems to have brought large parts of 
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Western Australia also under water. The deposits are of fresh-
water origin in the south, and marine in the north. 
An exposure near Perth has yielded some typical Jurassic 
plant fossils, including Cladophlebis australis, Thinnfeldia talbra-
garensis, Taeniopteris spathulata, Ptilophyllum pecten, etc. 
In the Irwin River area beds of Jurassic age called the Cur-
damurda Sandstone lie unconformably on Permian beds, and 
have been affected by faulting. The rocks of the series include 
ferruginous and light-coloured sandstones, with argillaceous 
sandstones, shales and lignites. Near Geraldton marine fossils 
are included in some clays and oolitic limestones, which are asso-
ciated with terrestrial beds containing Otozamites. Somewhat 
similar marine fossiliferous beds occur on the Minilya River in 
the North-West district. Here, too, they appear to be bounded 
on both sides by faults. The bed is only about 25 feet thick, but 
appears to be extensive. 
In West Kimberley area Teichert (1947 ; 1793) assigns about 
550 feet of beds to Jurassic age in some boreholes. Marine 
fossils were obtained from parts of these which, he thinks, are 
very closely allied to those of Timor, Spiti and New Zealand, 
(Teichert: 1939 ; 85). 
(D) Tasman Geosyncline (Australia) 
Queensland.—The Queensland succession is regarded as stan-
dard for the eastern part of Australia and the type area is that 
between the Brisbane River and the Main Divide and Macpher-
son Range. However, the system covers a wide area with its 
terrestrial and freshwater deposits, and is divided into Bun-
damba, Marburg and Walloon Series. The junction with the 
underlying Triassic beds is conformable in places, and discon-
formable in others. 
The Bundamba Series begins with a conglomerate which 
passes into siliceous or felspathic sandstones, grits, and shales. 
It rests on gently folded Ipswich beds at Bundamba but further 
north-west transgresses on to the Esk Series. The overlying 
Marburg Series is seen in the Helidon-Gatton area and is com-
posed of felspathic and micaceous, flaggy and current bedded 
sandstones, grits, coarse ferruginous sandstones, clay-shales and 
conglomerates. Even a coal seam was encountered in a bore 
near Laidley. The fossils include Cladophlebis australis and 
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Taeniopteris spathulata. D. Hill (1952 ; 47), however, consider? 
that this could be of Triassic age. 
The Walloon Series is divided into two stages. The lower. 
Rosewood Stage—1,100 feet thick—is developed to the west of 
ipswich. More than half the beds are said to be exceedingly soft 
and formed of somewhat calcareous sandstones. The remaining 
part is of calcareous and carbonaceous shales with lenses and 
concretionary nodules of ferruginous material. To the south and 
south-east of Gatton the higher stage is developed and is made 
up of about 700 feet of felspathic sandstones. 
Jurassic beds with a total thickness of over 3,100 feet are 
exposed in the Great Artesian Basin and the three series men-
tioned above have been recognised there. They extend to Nata! 
Downs and further north and perhaps are continuous with the 
Jurassic rocks north of the Pascoe river. 
New South Wales.—Jurassic rocks here are exposed in two 
areas, the first a continuation of the Brisbane-Ipswich exposure, 
and the second that the Great Artesian Basin, and are known 
as the Clarence Series and Artesian Series, respectively. 
The Clarence Series is divided into four stages, as below: — 
Grafton Stage Soft sandstones, shales etc. with coal . . 1.4.JO ft. 
Kangaroo Creek Massive siliceous sandstones aild conglomerates . 410 ft. 
Stage. 
Mallangance Coal Sha'cs with thin coal bands . . . . 489 ft. 
Measures. 
Tabulan Stage Sandstones and shales and rarely some lavas . 1.017 ft. 
3.366 ft. 
The Coal Measures in this series carry a ricn flora which 
includes Taeniopteris spathulata, Thinnfeldia odontopteroides, 
etc., and is correlated with the Lower Walloon Stage. 
The Artesian Series appears on the other side of the Main 
Divide and stretches for about 300 miles in a south-south-west 
•direction. The general sequence is :— 
Pilliga Beds Massive, coarse, porou-i sandstones and grits, etc. . 750 ft. 
Gowen Beds Ferruginous and calcareous shales ^i th plant remains . 206 ft. 
Garravilla Lavas Basic amygdaloidal lavas . . . 600 ft. 
Pottinger Beds Fine grained sandstones and shales, often calcareous 
and carbonaceous. 700ft. 
2 250 ft. 
The Artesian Series directly overlies beds of the Triassic 
.System in some areas but overlaps it in others. 
6 GSI/57 s 
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Other Areas.—Jurassic recks occur scattered over a large area 
in the Northern Territory, and were presumably part of one 
extensive formation. They are composed of sandstones, inter-
bedded conglomerates, etc. and contain plant remains in which 
Otozamites bengalensis—a species characteristic of the Rajmahal 
Series and its equivalent beds on the east coast of India—occurs 
to confirm the age. Their total thickness is supposed to be a few 
hundred feet. 
Though they outcrop only in the extreme south, bore records 
indicate that Jurassic rocks are fairly extensive in the southern 
part of Victoria. They are thick, too. for at Kitcunda they ex-
ceed 4.000 feet and David thinks that they might originally have 
been over 5,000 feet. 
These Victorian Jurassic formations are, as in other parts of 
eastern Australia, entirely terrestrial or fresh water in origin, 
and consist of mudstones, felspathic sandstones, grits, conglo-
merates and shales. Coal seams occur interbedded in these. 
This depositional basin can be traced intermittently to South 
Australia, where at Robe, it is still almost 2.500 feet thick, indi-
cating that the area affected was very extensive indeed. Exten-
sive areas of Queensland, New South Wales, Victoria, Northern 
Territory and South Australia were, thus, receiving sediments. 
Tasmania might, however, have been a land area, where igneous 
activity resulted in extensive dykes and vast sills. 
THE CRETACEOUS SYSTEM 
The Umia Series of Cutch, the highest formation of the Gond-
wana System, just extends into the Cretaceous and it would, 
therefore, not be necessary to deal, with the formations of this 
age in great detail. Mention should, however, be made of the 
beds near Trichinopoly which preserve a fauna very closely 
allied to that of the N. W. Basin (Teichert: 1939 ; 86). The sea 
appears to have extensively transgressed at this period and 
marine sediments are scattered all over Central India and Raj-
putana. 
The basin in Uttatur, however, appears to have been occa-
sionally isolated—barred, presumably. Apart from evaporites, 
phosphatic nodules and chalk were deposited in this area. The 
sediments here are thicker than elsewhere and include marine 
fossils, some of which are of wide areal distribution, and have 
been recorded from S. Africa, New Zealand. New Guinea, etc. 
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Barred basin conditions, apparently, prevailed on the west 
coast of Australia as well, and it is remarkable that evaporites. 
phosphatic nodules and chalk feature in the sediments in this 
area too. 
Three maps cover the Jurassic—Cretaceous Periods. The 
first, Plate VII, represents the Palaeogeography of the Jurassic 
Period, excluding the Tithonian. Plate VIII covers the Tithonian 
—Neocomian Period, while Plate IX is for the rest of the 
Cretaceous Period. It was considered that this would be an 
advantage, even though the lack of exact correlation has pre-
vented the use of many measured sections, particularly so on 
Plate VIII. The two major transgressions of the Cretaceous Lira 
have thus been separated and this facilitates the study and com-
parison, specially in the Indo-Australian Basin. 
5A 
CHAPTER VI 
RECONSTRUCTIONS OF PALAEOGEOGRAPHY 
In the past several attempts have been made at reconstructing 
the palaeogeographic maps of the different geological periods, 
notable amongst these are the works of Schuchert, while Fox in 
India (for the Gondwana System only), and David and Browne 
in Australia attempted to produce local maps. Recent advances 
in knowledge and the new conceptions of stratigraphy and the 
environmental control of sediments demand a revision of the 
work. There has, also, been the development of the technique 
of statistical representation of sedimentary data on maps. These 
are the isopach and lithofacies maps, and the former have been 
extensively used in this paper. Unfortunately, almost the entire 
published information available on the Permian formations of 
India and Australia would be regarded as antiquated when 
measured by the yardstick of modern standards of sedimentary 
EXPOSURES OF THE PERMIAN 
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terminology, and it would not be possible to present lithofacies 
maps. The interesting patterns produced by the isopach maps 
are, however, a worth while beginning. 
PALAEOGEOGRAPHY OF INDIA (PERMIAN) 
Text Figure 1 gives a map of the present distribution of the 
Damuda Series. In Peninsular India these are represented by: 
3. Raniganj Coal Measures ; 
2. Barren Measures ; 
1. Barakar Coal Measures ; 
of the standard scale and their equivalents in other areas. Kar-
harbari Stage is sometimes added below the Barakar Coal 
Measures. 
Figures for the sections given in Plate I have been taken 
from the various published Records and Memoirs of the Geo-
logical Survey of India, and can be considered reliable. It is 
significant that the thicknesses generally decrease as one pro-
ceeds towards the west or the north-west in Peninsular India. 
Thus the total thickness of the Damuda Series is 8,700 feet in 
Raniganj, 5,900 feet in Jharia, 3,200 feet in Aurunga, 2,700 feet in 
Hutar, and about 1.500 feet in Singrauli. Ramkola lying between 
Hutar and Singrauli, has 3,700 feet of the Damuda beds, and 
apparently represents a local embayment of the basin. For the 
other two east coast basins, unfortunately, measured sections 
are not available from abundant localities. In the Godavari 
basin, apparently, the Barakar Stage is thinner, but the over-
lying Kamthi Stage is thick instead. Thus in Gandikamaran 
the total thickness is of the order of 7,300 feet, though in Kasipur 
it is only 3,500 feet and decreases to 3,200 feet some fifty miles 
further to the north-west. For the Mahanadi Valley only two 
authentic sections are available and both are incomplete. They 
are. however, used in the maps. In the Satpura basin the t rend 
is slightly disturbed and the thicknesses increase towards the 
west (2,250 feet in Pench Valley and 4,500 feet in Tawa Valley). 
Fox was of the opinion that the Gondwana System in India 
was deposited in block-faulted basins and that "the main faults 
seem to have been formed simultaneously with the deposition 
in the basin" (Krishnan: 1949 ; 282). Fox's palaeogeographic 
map is given as Inset in Fig. I. The impossibility of drawing 
isopach form-lines in the valleys shown by him needs no demon-
stration, but there is considerable evidence, both positive and 
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negative, to show that the sediments were not deposited in 
faulted basins. This has been discussed here in considerable 
detail. 
Contradiction of "Rift Valley" Concept 
If the deposits were formed in narrow faulted basins, one 
would normally expect to have these basins deeper in the middle, 
and as a consequence, the deposits would be thickest in a narrow 
belt running all along the length of the valley. The isopach 
form-lines would, then, be oval or concentric. There is no record 
of any such increase of thickness, and certainly there i£ no de-
crease in the thickness of the strata as one proceeds east. 
Over and above this, with the type of valley imagined by 
Fox, there would be land surfaces on both sides of this basin, 
with their own drainage systems. Such rivers would discharge 
into the basin more or less at right angles. The immediate effect 
of such a drainage system would be that the sediments would 
be coarser on the two sides and would gradually increase in 
fineness towards the centre. Far from this being the case, every 
observer in the area has remarked about the uniformity in the 
character of the deposits across the width of the basin. On the 
other hand, Fox was arguing against his own case when he 
remarked (1931: 39). that "the conglomeratic bands become 
thicker, more frequent, and contain larger sized pebbles the 
further west one goes from Raniganj to the Karanpura coalfield. 
This is especially true of the lower part of the Barakar 
Series In general the coal seams in the Darnuda Valley 
field also deteriorate in quality in a westward direction 
It also seems, speaking generally, that coal seams grade into 
shale more frequently in a westerly direction and the seams 
appear to split up towards the west." Not only this, but each 
movement of the fault would rejuvenate the tr ibutary streams, 
and at the same time, take the main stream towards maturity, 
thereby making it more sluggish, and less able to deal with the 
coarse material brought down by the former. This coarse, often 
poorly rounded and often ill sorted, material would deposit 
' 'fanglomerates'' where the streams debauched into the main 
valley. There is no reason why such "deltas" should not have 
been preserved, or should have gone undetected in an area so 
intensively mined and geologically mapped in such detail. 
The dips in the Damodar Valley coalfield are generally to the 
south, and the explanation is that the movement along the 
southern fault line was greater than along the northern. While 
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there is no doubt that this is correct, the result of contempora-
neous faulting of this nature would be that the sediments on the 
south would be coarser on the whole, and conglomerates would 
be more common, the boulders in them bigger, and less rounded. 
If the renewal of the movement was oftrepeated. there would, 
perhaps, be no clays at all on this side of the basin, and perhaps 
no coal either. Field evidence, however, does not show this. 
Again it has been recorded by various observers in the field 
that the faults that cut across the beds die out on either end, 
and have been described as contemporaneous sag-faults. With 
such faults developing while the deposition was going on 
actively, the sediments would again tend to sort out, the fines 
shifting to the downthrow side of the basin. Not only this, but 
such a fault is bound to result in local unconformities on either 
side of the fault line, though for different reasons and conse-
quently showing different features. On the downthrow side the 
faulting would inevitably result in some tilting of the beds, with 
dips generally away from the fault. When such beds are over-
lain by younger deposits there would be an unconformity. On 
the other, comparatively stable side, this faulting would, perhaps, 
start a cycle of contemporaneous erosion. This sub-aqueous or 
-aerial erosion would result in a disconformity. The many emi-
nent geologists who have worked in the area have not recorded 
any of these features. 
Then again, it is common practice in the mining areas, on 
coming across a fault underground, to trace the continuation of 
the seam by merely working out the direction of throw. The 
thickness and quality of the seam are always identical on the 
two sides of the fault. Where more than one seam is being 
worked the entire sections on either side of the fault remain 
the same, and there is, generally, no increase or decrease in the 
intervening beds. 
All this may be negative evidence, but the cumulative effect 
of so many different lines of argument should be regarded as 
sufficient and it may be conceded that the Indian geologists who 
examined the area have shown an \mdue reverence for the views 
of the oast giants of the Geological Survey of India, like Blac-
ford and Medlicott. Gee (1932:84) was one of the few who 
did not agree with the above view and he remarked that -'there 
is, however, no reason to suggest that this area of gradual subsi-
dence and accompanying sedimentation was limited by any tec-
tonic structure—either rift faults or pronounced folds—as has 
been previously suggested. On the contrary, there is little doubt 
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that the present tract of Gondwanas represents only a small 
portion of the original area of Gondwana sedimentation and owes 
its preservation to the fact that it has been subsequently faulted 
down within the Archaean land mass". He thought that "The 
major displacements, affecting as they do the Lower Gondwanas 
and Supra-Panchets alike, took place at a later date, probably 
during Jurassic t ime" (ibid: 85). Mallet, (1874: 327), was per-
haps, nearer the t ruth when he envisaged the Gondwana deposits 
as extending from Darjeeling to Peninsular India, beneath the 
Ganges Valley alluvium. 
What has been said above would, perhaps, have been suffi-
cient to show that the faulting observed in the Indian coalfields 
was not contemporaneous, but Krishnan (1949: 282) has stated 
that "It is often seen that the stages or beds which appear to be 
perfectly conformable in the centre of the basin become un-
conformable near the faulted boundary". This, if correctly inter-
preted, would be sufficient to prove that the faulting was con-
temporaneous, and this has necessitated a more detailed exami-
nation of the available information. 
With a sinking basin on one side and a rising ridge on the 
other an occasional disturbance between the negative and posi-
tive areas is quite possible, and might- bring about an uncon-
formity away from the centre. Later, if the basin is block-
faulted,, and the sediments on the upthrow side are eroded away, 
it would be suspected that the unconformity was produced by 
contemporaneous faulting. This would, however, be rare. The 
possibility of some local contemporaneous faulting, too, is not 
denied and it might have produced the phenomena in some 
places. 
On the other hand, there are features observed by every geo-
logist in the field which rule out any possibility of contempora-
neous faulting having been the main controlling factor in these 
basins. In this category is the fact that in innumerable localities 
unfaulted, natural boundaries, even in the type area of the 
Damuda coalfield, are seen and these have no place in a basin 
controlled by faulting. Greisbach (1880:13), Ball (1878:69), 
Jowett (1925: 143) and Gee (1932: 101) have pointed them out. 
The last named of these authors has shown that the greater part 
of the northern boundary of the Raniganj coalfield is not faulted 
at all, although the southern boundary has been faulted down by 
over 9,000 feet. Yet—and this appears inexplicable—there is no 
decrease in the thickness or change in the character of the 
individual beds. Auden (1949:135-6) has pointed out that most 
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of the dykes in the Damodar Valley "extend to the north in the 
Archeans", but "appear to terminate against the southern, boun-
dary fault with a great down throw to the north". This, to the 
author's mind, leads to the only conclusion that at the time of 
the intrusion of these dykes the southern boundary fault already 
existed, while the northern fault came into being at a later stage. 
And the dykes are known to be Cretaceous in age. Moreover, 
instances of gneisses occurring on the downthrow side, (Fox : 
1930 ; 149) and Gondwana beds occurring on the up throw side 
%of the boundary faults are, by no means, rare. 
The evidence produced earlier was admittedly largely nega-
tive in character, but what has been shown here is largely posi-
tive, and should rule out any doubts about the structural con-
trol of the Gondwana basins in India. 
Fox has, moreover, never tried to explain the occurrence 
of Gondwana outliers outside his rift valleys. The thickness 
in some of them is quite considerable and yet there is no evi-
dence of large scale faulting as observed in the type area. The 
boundary faults, naturally, result in high dips close to them, 
which, with the sediments on the downthrow side are, always, 
away from the fault. This rule does not hold for Singrauli, an 
area with which the author is very familiar. There is, in this 
area, a gentle dip in the Barakar beds which is always towards 
the north, and the dips increase moderately close to the boun-
dary. Sometimes a local anticline is noted, but even here the 
dips nearest the fault continue to be towards it. Even drilling 
to the depth of over 300 feet failed to reveal any faults in an area 
of at least 15 square miles. Well over 1,500 feet of beds belong-
ing to the Gondwana System are exposed here, and the thickness 
must have been more. The area this field covers is quite consi-
derable too, and the above features should be regarded as s 
strong evidence for the refutation of the 'rift valley-lake theory' 
as advocated by Fox. What would, perhaps, be more unaccount-
able, if modern conceptions about the tectonic control of sedi-
ments are correct, is the character of the sediments. It is almosl 
identical with that of the type area, the Damodar Valley, whicV 
is supposed to have been contemporaneously faulted down bj 
several thousand feet. And Singrauli is not an isolated instance 
Summing up the above lines of argument one finds that th( 
evidence against the 'rift valley' theory falls under the follow 
ing heads: — 
(1) Facies of sediments: No change of facies towards th< 
fault-lines, lack of marginal deltas, etc. 
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(2) Structural evidence: A large part of the northern 
boundary of the Raniganj trough is not faulted, 
whereas the throw of the southern fault is over 
9,000 feet. Yet the thickness of the beds and the 
sediments do not change towards this fault ; in fact, 
the thickening is at right angles to this. i.e.. towards 
the east. 
(3) Presence of identical sections on either side of a fault 
in coal mines. 
(4) The presence of extensive outliers outside the r i f t ' 
valleys. 
(5) The general agreement of the facies between the sedi-
ments in these outliers and the exposures in the 
faulted valleys. 
Isopach Form-Line Map of India 
Plate I is an attempt to reconstruct isopachs consistent with 
the available recorded thicknesses, and not confined by the fault 
basin theory. In some places there is a good deal of latitude as 
to how the lines should be drawn—especially in the marginal 
areas where the basin is supposed to have been shallow. How-
ever, such areas are of relatively little tectonic significance, for 
quite minor differential warping may appreciably alter the extent 
of the basin. But it is the area of the rapid and great subsi-
dence and steep gradients across the isopachs which are tecto-
nically significant. The author has found that these areas stand 
out clearly and it is difficult to juggle the form-lines to give a 
significantly different picture than that presented in Plate I. 
The only possible alternative is given as an inset and the reason 
why the former lias been preferred is that it shows a positive 
area in Orissa. Fox had recognised the presence of a ridge there 
in the Damuda Period as he found younger Gondwana sediments 
lying directly on the gneisses in this area. In his honour, the 
author suggests that, it be called the "Fox Ridge". 
The Vindhyan Range 
A very important point which the isopach form-lines, shown 
above, raise concerns the Vindhyan Range. The opinion of the 
Indian geologists, as expressed by Wadia (1949: 93-4) is that they 
have remained a mountain range ever since their uplift in the 
Precambrian times. Elsewhere (ibid : 128. see also 153), he gives 
a hvoothetical section of the Gondwana formation with Vindh-
yans standing as high mountains on one side. Krishnan (1949: 
283-4) concurs. Both Fermor and Fox appear, in some way. to 
be in two minds about them. On the one hand they seem to 
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believe in their existence as high mountain ranges, and picture 
glaciers coming down these heights, and on the other they bring 
a narrow arm of the Tethys across them to explain the Umaria 
fossil bed. Krishnan (ibid: 284) rejects the idea only on the 
ground that this would mean that the arm of the sea came right 
across the top of the Vindhyan mountain "which remain as ele-
vated land to this day". 
This conception of the Vindhyans remaining a system of 
mountains since the Precambrian time is not tenable. For Pre-
cambrian rocks to exist as mountains for such a long time, they 
would have to have a mantle of incomprehensible thickness. 
This mantle, too, would have to be Precambrian, if Wadia has 
correctly stated his case. Some boulders in Talchir beds of the 
Peninsula are compared to in situ rocks in the Vindhyan System. 
but these observations have been based on examination of hand 
specimens only. One wonders what the agents of erosion have 
been doing if they have not succeeded in removing these few 
thousand feet of sediments, that are exposed in the Vindhyans. 
since the Permian time? It is, moreover, difficult to understand 
how these boulders came to be deposited in the Peninsula when 
all evidence goes to show that the movement of the ice was in 
exactly the opposite direction. Only two striated platforms have 
been discovered* and both contradict the possibility of any 
movement of the ice from the Vindhyans to the south. Fox 
expresses a belief in such a direction but omits to give any 
reason for his contention. 
This idea of the existence of the Vindhyans as high mountains 
was born in the days of Blanford and Medlicott, when it was 
difficult otherwise to explain the existence of tillites, and the 
Talchirs were supposed to have been deposited by glaciers. 
No one today, however, believes that these tillites all over 
Gondwanaland were formed by valley glaciers. The evidence 
of Pleistocene ice cap has convinced every one who has given a 
thought to the problem that these Permo-Carboniferous tillites 
were also deposited by a similar ice cap. The extent and loca-
tion of this ice cap is discussed later. 
The author considers that there is no evidence to show that 
the Vindhyans existed as mountains in the Damuda Period, 
though he would concede the possibility of their having been 
a land surface in the preceding glacial period. The Ice Age was 
sufficient to peneplane them. Not only this, but if the rocks 
*One iif these, as pointed nut earlier, may be older, anil may belong to the Yiuiihvaii 
glaeiation. 
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exposed there today are really Precambrian, and doubt is being 
expressed in certain quarters (Misra: 1949 ; 438), what the 
Permo-Carboniferous glaciation removed from above them must 
have been younger. It may have been anything up to Devo-
nian or even Lower Carboniferous, and this suggests the possi-
bility that the Vindhyans were not uplifted in the Precambrian 
times at all. 
Considered in the light of above arguments, there are only 
two possibilities for the Vindhyan Ranges. Either there was an 
orthogeosyncline in the area in which the deposition was taking 
place more or less continuously, as in the Spiti and Kashmir 
area further north, or that they were raised some time in the 
middle Palaeozoic Era (this might have been the activity which 
raised the Salt Range too) and were thoroughly peneplaned by 
the Permo-Carboniferous glaciation. The area now occupied by 
most of the Vindhyan formation later formed a part of the 
basin in which the Gondwana sediments were deposited. 
The Pengunga striated platform is marked on Vindhyan lime-
stones. Its preservation shows that the area remained a part 
of the Gondwana basin for a fairly long time and received thick 
deposits. These are just being removed, exposing the platform. 
Thus, at least in this area, there is definite evidence that the 
Vindhyans were not standing as high mountains and, instead, 
formed part of the basin, more or less continuously from the 
glacial period till, perhaps, the U. Gondwana time. In the 
Wardha Valley they are again overlain by the Gondwana beds 
and Hughes (1877: 12) thought that between them and the 
Kamthis there was no physical break! Vindhyans were un-
doubtedly raised in the post-Gondwana period, perhaps by the 
Orogenic movement which lifted the Himalayas, perhaps even 
somewhat later, and have since been subjected to agents of denu-
dation. In view of their greater height they lost more of their 
thickness than the lower area further south, and this is estimated 
to have lost over 12,000 feet, at least. The waterfalls gorges and 
rapids in the Narbada and other Peninsular rivers, as well as on 
the Vindhyan plateau itself, stand as a contradiction to Wadia's 
ibid : 93-94) concept that Peninsular India has never suffered 
an upheaval since the Vindhyan times in the Precambrian period. 
The Son flows through a valley faulted by several hundred feet 
along its north. The tributaries all join the main stream with 
waterfalls, and have not had time to cut a deep valley for them-
selves. In fact, this young, extensive fault is responsible for 
much of the Vindhyan topography. The uplift which resulted 
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in these waterfalls and gorges must have been very recent indeed, 
and finally, the Vindhyans are not folded to any marked degree 
and this definitely indicates that they never formed a mountain 
system comparable to the Himalayas or the Rockies. 
Though the isopachs, in Plate I, could have been crowded 
against the Vindhyan Range, these theoretical considerations 
have persuaded the author to let them cut right across the region. 
They do have a natural trend across the area, but only a 
moderate thickness is presumed over them, on the supposition 
that they were peneplaned. On emerging from this area the 
isopachs run along the southern coast of the Tethys, and en-
closing the Salt Range, go on to the west. 
The Cutch Area 
Returning to Peninsular India, it would be noticed that some 
of the isopachs are shown as running into the Cutch area. The 
trend for these was shown by the increase in the thickness of 
the sediments towards the west in the Narbada Valley, and it 
is presumed that the respective beds are not exposed. One arm 
of these, then, turns to the north to join the Salt Range arm, 
while the other, apparently, ran southwards. Thus, of Penin-
sular India only the western part was left as a structural high 
—called here the Charnockia—while the other area of prove-
nance comprised central India and Rajputana. to be named the 
Aravalli Nucleus. 
The Marine Basin on the East Coast of India 
The map shows increasing thicknesses on the east coast where 
no Gondwana beds are known to occur to-day. This is, admitted-
ly, more or less pure induction. It would, perhaps, have been 
possible to retain this as a structural high and connect the Uma-
ria bed to the west or the north. But a look at the geological 
map of Umaria (Gee: 1928) will show that this was, very pro-
bably, not the case. The Talchir-Barakar boundary is exposed, 
about a mile away, in each of these directions, and the marine 
beds are not present. The recent discovery of the marine horizon 
in Hasdu Basin to the E.S.E. adds considerable force to the inter-
pretation given above. In this locality the fossils occur in the 
bottom beds of the Talchir Series and may indicate an earlier 
submersion in comparison to the Umaria area. Moreover, the 
affinities of the Umaria fauna, and the increasing thickness, in 
this direction in every individual basin have induced the author 
to adopt this. If Umaria was connected to the west, through 
the Cutch, its fauna would, probably, have shown more affinities 
to that of Jabal-i-Biadh and Onilahy or to that of the Salt Range, 
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and not to that of Assam. The point will be discussed in detail 
later in this paper. 
The extensive and thick ice cap of the Permo-Carboniferous 
age must have peneplaned the whole of Peninsular India. When 
the ice receded, the Permian transgression occurred. At the 
same time a wide flat area became the flood plain of the numer-
ous newly born streams, and was covered with freshwater sedi-
ments. To begin with, there might have been glacial lakes all 
over the area, but such lakes are likely to last for a compara-
tively short period. The epeirogenic movement that followed was 
apparently of a very moderate nature, and the sagging only just 
managed to keep pace with the deposition. That the difference 
in depth from one extreme to the other was never very great is 
evident by the general uniformity of the deposits from Raniganj 
at one end to Umaria and Singrauli at the other, the increasing 
thicknesses in the east signifying only a slight increase in the 
rate of sagging. That such sagging might have been accom-
panied by some faulting is not denied, but the great majority 
of the faults occurred much later, when also the major boundary 
faults were produced to preserve the sediments. Unfortunate 
has been the inclusion of all the faults in the category of con-
temporaneous faults and has resulted in a neglect to look for 
the evidence to differentiate them. Later it would be shown that 
there are two classes of faults, one pre-Jurassic, the other post-
Jurassic, with the latter class overwhelmingly predominant. 
PALAEOGEOGRAPHY OF AUSTRALIA (PERMIAN! 
For the Permian System of Western Australia the paucity 
of data does not permit a close study, but the form assumed by 
the isopachs is, in a general way. very similar to ihat in India, 
except that more marine sediments appear toJjave been formed 
in the area. As has been mentioned earlier .there are four sepa-
rate areas of these deposits, but there is general agreement that 
the N.W. Basin and the Irwin Basin have much in common. 
The Desert Basin, from what little is known of it. shows a 
general similarity to these two. But the Collie Basin was, 
perhaps, an isolated area, and has only freshwater sediments. 
Plate II shows the isopachs for the area. That the general trend 
of the isopachs is essentially right is confirmed by the work of 
Condit (et. al. 1936: 1036), which demonstrates that the thickness 
in the N.W. Basin increased gradually towards the north-west. 
Above the Permian beds there is an unconformity in each 
area, and the preserved sections represent only the lower half 
of the Permian Period. Consequently, though the thickest reli-
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able section for the N. W. Basin is 12,135 feet, the figure shows 
additional isopachs up to 15,000 feet. For the Desert Basin, the 
only dependable section is, at its thickest, over 7.000 ft. (Guppy 
el. al. 1952:108) with an unconformity on the top. As the 
original thickness of the sediments was more, it would, perhaps, 
be covered by the additional isopachs shown, and one could add 
a few more, or remove one or two, without affecting the general 
pattern. 
Similar isopach form-line maps are also produced for other 
areas, i.e., Eastern Australia, South and Central Africa, and South 
America, though for the last mentioned area much help has been 
taken from Weeks' (1948) paper. It would, perhaps, be pertinent 
to add that, as in the case of India, attempts were made to 
exhaust all possible alternatives and the forms retained here are 
those that appeared to fit best the available information. 
These isopach form-lines of the different continents were then 
transferred on to the various reconstructions of Gondwanaland. 
It was presumed that if the continents were together at the time, 
these lines should continue from one to the other and the basins 
should show an essential similarity. Whereas if the continents 
were not together, these isopachs should at least not cut across 
the presumed "land bridges'". In neither case should they con-
tradict any of the established facts of local geology. This line 
of evidence, to the author's mind, is more definite than that based 
on faunal and floral similarities, hitherto put forward and vio-
lently debated upon as to the route of the migration of life. 
Plate III is a Palaeogeographic Map for the whole of the 
Permain Period on the reconstruction thus selected. It is after 
Carey (1951). It was also considered essential that if similar 
isopach form-lines for any other geological period were drawn 
on these continents, the reconstruction chosen should again stand 
the tests mentioned above, and there should be no need to make 
any changes in the positions of the continents. 
Sagging- of the Basin 
On this new map of Gondwanaland the basin between India 
and Australia runs in the form of a gulf from the Tethys. 
Apparently, the Fox Ridge in India continued further east, 
perhaps, through smaller islands, and only occasionally acted as 
an effective barrier. On the Indian side the floor of the basin 
would have an average slope of about 1/225 when fully loaded 
with the Talchir and Damuda sediments at the end of the 
Permian Period. This slope is so very moderate that if it were 
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possible to strip the land of all the sediments, one could walk 
over it from Calcutta to Umaria without even feeling that one 
was rising all the time. A railway engineer would hardly need 
to improve the gradient. The slopes might have been slightly 
greater on the Australian side. Teichert (1952: 134) has shown 
that in the N.W. basin the average uplift between the M. Devo-
nian and M. Permian was of the order of 0.02 mm. per year, 
"not too much even for a stable shield" (ibid.). 
It is consequently not necessary to presume any faulting to 
explain the increase in thickness of sediments towards the 
centre of this basin, and there is nothing to show that contempo-
raneous faulting did take place. The author believes that it was 
a mere sagging of the floor, simple epeirogenic movement, posi-
tive on one side, and negative on the other. That the rate of 
this movement was not very slow is shown by the lithofacies, 
which has preserved many unstable minerals in the sediments. 
On the other hand, an overall uniformity of the sediments 
demands a fairly uniform movement. It was during occasional 
lags in the sag that the coal cyclothems developed. 
Modern Examples 
With a peneplaned area on either side the slope of the basin 
would be very negligible. A distinct shore line would, never-
theless, be established on three sides of the gulf or bay. If 
conditions permitted, freshwater sediments would be deposited 
on one side of this shore line and marine sediments on the other. 
Such conditions exist today on the north coast of Sumatra, in the 
lower Indus-Ganga basin as well as in the Digul-Fly rivers basin 
of south New Guinea. In the latter area the slope of the land 
over an area of more than 50,000 square miles, is extremely 
small and an eustatic rise of the sea-level of the order of eight 
or ten feet only, would submerge the land over scores of miles 
inland, and cause marine deposits to lie on top of freshwater 
sediments. In a section these would appear as tongues. On one 
side of this transitional zone there would be freshwater deposits 
over the entire thickness of the formation, on the other side it 
would all be marine in character. Examples of such deposition 
during the Permian Period of Russia and America are quoted 
later. 
Mineral Occurrences 
Though it does not in itself constitute an evidence, it appears 
to be an interesting coincidence that the iron-ore deposits of 
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Yampi Sound (Australia) lie opposite those of Singhbhum and 
Bastar (India) and both are composed of banded hematite-
quartzite. While the occurrence of charnockite-khondalite has 
been discussed earlier (Fig. 2), it is very likely that detailed 
work would bring out many more such similarities. Gold 
deposits offer distinct possibilities. 
•FIG. 2 . 
The occurrence of two distinct glacial horizons in the Vindhyan 
System has recently been pointed out (Ahmad: 1955 ; 231) and 
diamonds occur widely in the associated beds. In the equivalent 
formations in Western Australia, the Nullagine Series, (Flinder's 
Range), one glacial bed has distinctly been recorded and a second 
is suspected, while sedimentary diamonds occur in the associated 
beds (David and Browne : 1950 ; 94). The association appears to 
be very significant. 
Types of Geosynclines 
While the basin was sinking, the cratonic area was rising, 
partly as a result of the removal of the load of ice, such as 
has been going on in Scandinavia since the Pleistocene time, and 
partly as a result of the epeirogenic movement itself. Thus was, 
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apparently, developed a basin which can be put in the ' auto-
geosynclinal class' of Marshal Kay (1947 : 1289 et. seq.). Without, 
perhaps, essentially differing from him, Dapples, et al. (1948 :1924 
et. seq.), would regard the Indian part of the basin as, from time 
to time, varying between 'stable shelf and 'mildly unstable shelf, 
passing on the Australian side through 'intracratonic basin'. 
They envisage such a variation themselves when they state that 
(ibid ; 1934), "Unstable shelf associations grade imperceptibly into 
those of the stable shelf on the one hand, and into associations of 
the intracratonic basin on the other''. The deposits observed in 
the areas discussed confirm this classification in all respects, with 
mildly unstable conditions prevailing most of the time. Arkosic 
sandstones, coal cyclothems, subgreywacks (quartz-muscovite 
sandstones) characterise this class. "Fossils are not common and 
are particularly deficient in benthonic forms" (ibid: 1935). In 
the 'intracratonic basin' such as has been identified on the 
Australian side, these authors consider the sandstones and shales 
to be generally of the same type as in unstable shelf areas dis-
cussed above, but limestones gain in importance, with evaporites. 
developing if the basin becomes barred at any stage. The 'stable 
shelf deposits, though of less importance in the present case, are 
described by them as consisting of a few hundred feet at the 
maximum, and comprising predominantly pure sandstones with 
grains well winnowed and rounded, glauconite sandstones* 
quartz-muscovite sandstones and claystones, etc. 
Barred Basin 
Woolnough, working in the Irwin River area, came to the 
conclusion that the basin was, apparently, periodically barred to 
the west during the Permian period. More recently Clarke et al. 
(1948:79-80), as a result of their detailed work, supported the 
above general conclusion, but suggested that "The intermittent 
bar was, thus, probably not to the west of the present Irwin 
River Basin, but to the north". They thought that it was "via 
the southern part of the N. W. Basin". Map (Plate III) shows 
the Fox Ridge running across the gulf, and the author suggests 
this to have been responsible for the occasional barring of the 
basin, although it is to the north of the Desert Basin. This 
would also explain the occurrence of evaporites in parts of the 
succession in the last mentioned basin, particularly in the Noon-
canbah Formation. 
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It is likely that this ridge was continued towards Australia, 
through small islands. As the basin sank, the Ridge either did 
not sink, or was even isostatically raised, thus barring the basin. 
Erosion would reduce the ridge, and the bar would, temporarily 
become ineffective, when incursions of new types of fauna would 
take place. Then, perhaps, movement would occur again and the 
whole cycle would be repeated. An intermittent sinking of the 
basin is indicated in the Indian coalfield as well, where it allow-
ed the coal cyclothems to be developed. 
Clarke et al. recognised nine or ten marine invasions, and 
"each brought in varying numbers of pelagic animals. Metale-
goceras jacksoni accompanied only one of these. Others were 
characterised by other goniatites, nautiloids, the pelagic Conula-
ria and more eurytopic types of gastropod" (ibid.). Except for 
the beds which carry the remains of these invading animals, 
others carry very few fossils. Apparently conditions in the gulf 
were not very suitable for marine life to abound. 
Origin Of Coal In India 
Though it would be seen from the above that coal cyclothems 
are quite normal in the tectotope envisaged, it is essential to 
discuss the occurrence of coal in detail here on account of some 
common misconception about its origin in India. Fox (1930A: 
196 et seq.) and others (e.g., Gee: 1932 ; 50) have regarded them as 
allochthonous because of (a) the stratification of the seams, 
(b) partings in and splitting of the seams, (c) absence of the tree 
stems in floor in situ, (d) the terrestrial character of the plants, 
(e) the cyclical nature of the deposits, and finally, (f) conform-
ability of the strata above and below them. 
From the very nature of the problem it is difficult to come 
to any definite conclusions, for as Fox himself recognises (ibid: 
198-9), "it is evident that totally opposite modes of accumulation 
for the original plants material have been deduced from the same 
facts". The author, however, is convinced that most of the coal 
seams in India are autochthonous, and would here endeavour to 
point out the fallacies in Fox's lines of argument given above, 
and to give his own reasons. 
(a) Perhaps the most forceful argument in Fox's armoury 
is the stratification of the seams. However, stratification in 
rocks occurs as a result of the seasonal nature of the deposits 
and other longer rhythms, and there appears to be no reason 
to believe that the same process could not operate''"^/tHSA®'t") 
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of autochthonous coal seams, as a result of the seasonal nature 
of the foliage,—if the plants were not evergreen—and its heavy 
deposition during the autumn. It does not necessarily imply a 
dry and wet season, and even marsh-plants have their annual 
periods of growth, flowering and fructification, etc. Longer 
climate rhythms are probable and might easily have produced 
the stratification. H. Potonie has shown that even peat often 
shows a bedded, or rather sheety structure. 
(b) The parting, splitting and passage of the seam laterally 
into shales would, much more readily, be the result of changes 
in environments. Thus the facies change on the well-drained 
margins of a basin, sloping gradually to the centre, would natu-
rally be sandstones, followed by shales, carbonaceous shales, and 
coal as one proceeded to the centre, occupied by the swamp 
forests. Coal, in this environment, is one of the facies, merging 
gradually into appropriate facies on either side. If, however, 
this ideal condition was ever so slightly disturbed by a more 
rapid sinking of the basin, a more rapid rising of the source 
areas of the sediments or an eustatic or climatic change, it 
might cause shales or even sandstones to encroach along the 
margin of this bed of coal, or even to wholly cover it. If this 
sinking of the basin occurs rather suddenly even conglomerates 
may come to rest directly on top of the coal. In epeirogenic 
movements such changes are quite normal, and explain all 
the observed phenomena. 
Fox's view that coal is always formed under tropical condi-
tions is not borne out by recent researches either. Apparently 
rain forests develop wherever rainfall considerably exceeds 100 
inches in the year, particularly if it is evenly distributed. Thus, 
they exist today in Assam, East Indies, etc., in the tropical part 
of the world, and in Tasmania in the temperature, and peat is 
being formed. Though it would be admitted that rainfall is, 
perhaps, not the only controlling factor, coal seams do appear 
to have been restricted to these areas of high rain, tropical as 
well as temperate. 
(c) The absence of tree stems in situ is, at best, a negative 
evidence. Moreover, not all coal seams elsewhere in the world, 
believed to be autochthonous, have stems in the floor. Apart 
from other factors, one would imagine that, their preservation 
would depend upon the type of root system the trees developed. 
If the stems were not very thick and if the roots were not very 
deep, perhaps, the trees would topple over soon after they died. 
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But one wonders if the stems are really absent when Fox admits 
(1931:42) that "there are many instances of Vertebraria extend-
ing upward irregularly across these planes. If Vertebraria are 
in the position of growth they have slowly become embedded 
in the settling sediments". Further, the occurrences of ferrugi-
nised tree stems are commonly reported, some of them from 
within the coal seams (Gee: 1932 ; 50). It would be unusual that, 
if all the wood that went into the constitution of the coal was 
of the same nature, only these stray pieces were selected for 
replacement by iron, while the rest was converted into coal. 
It seems more reasonable to presume that it was because these 
were foreign, of a different texture and material and for some 
reason more prone to being replaced by iron bearing solutions. 
(d) Fox's conclusion that since the flora preserved in the 
associated sediments is of a terrestrial character, coal was also 
formed out of wood grown on land is, obviously, not based on 
sound argument or evidence. Stopes and Watson (quoted by 
Raistrick and Marshall: 1939 ; 170 et. seq.) conducted researches 
in England on the flora that went into the constitution of the 
coal and came to the conclusion that it was different from that 
preserved as fossils in the overlying shales. More significant 
was their conclusion that whereas the former was aquatic in 
origin, the latter was terrestrial, though some of it naturally 
got into the coal. Their work was facilitated by the occurrence 
of coal balls, which have not been found in India, and perhaps 
no comparable work has been done here. This is a very strong 
point in favour of the autochthonous origin of coal in England, 
for, if the flora was transported this difference would be difficult 
to explain (ibid: 173). 
Large fossil trees have been found in the Gondwana sand-
stones, but this does not" mean that the coal was formed of 
them. The coal forming flora in India is yet to be worked out. 
(e) The failure of Fox to arrive at a correct interpretation 
of the cyclic nature of the deposits is hardly to be wondered 
at, for the importance of the tectonic control of basin in deter-
mining the type of sediments was not as well understood twenty-
five years ago. But in the light of modern knowledge and 
researches in the oilfields of America, as well as in the Alps, 
it can confidently be stated that with an intermittently subsid-
ing basin—and Fox agrees on this point—the deposits could not 
be otherwise in character. The coal cyclothems of America 
exhibit similar characteristics. The point has been discussed 
above and need not be further elaborated. 
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(/) The conformability of the strata above and below is quite 
normal under the hypothesis postulated here. On the other 
hand, the occurrence of fire clays underlying many of the coal 
seams in Bihar is a definite evidence that the coal there is 
autochthonous in origin (Raistrick and Marshall: ibid ; 38). Fox 
(1934:18) points out that "many of the shales of the Barakars 
have been found suitable for fire-clays, but this has so far not 
been proved true for the likely looking shales of the Raniganj 
series". He produces this as an evidence against their autoch-
thonous origin. Admittedly clays of suitable quality do not 
occur under every seam, but this may only be due to the fact that 
they fail to meet the rigid demands of the modern ceramic 
industry. Perhaps the leaching out process was not completed 
in these "likely looking shales". Moreover, it is difficult to 
imagine that over 125 feet of good quality coal would accumu-
late in a single seam—Kargali seam—out of drift wood. It is 
estimated that peat is compressed to a fifteenth part of its 
original thickness in being converted to coal. This would place 
the thickness of the peat required at over 1.800 feet, though 
with lower beds under increasing pressure it never, perhaps, 
stood at that thickness. Drifted wood to form 1.800 feet of peat 
over an extensive area cannot be produced even by repeated 
major catastrophies like the Assam Earthquake of 1950 which 
stripped vast areas of hill sides of their entire vegetation. The 
absence of mineral impurities from these coal deposits would, 
moreover, be inexplicable. 
One has only to peruse recent works on the origin of coal 
to be convinced that although coal may be formed by drift 
wood, such deposits are typically "of limited extent, varying 
thickness, and high ash content" (Strutzer and Nee: 1940; 151, 
see also Moore: 1940 ; 136 et seq. and Raistrick and Marshall: 
ibid ; 46-62). The Kargali seam, perhaps, the thickest solid seam 
of good quality coal in the world, with the possible exception of 
the Manchurian seam, was certainly not formed of wood growing 
elsewhere, and Kargali seam is not an exception in the Indian 
coalfields. Karo and many others are over 50 feet in thickness. 
The Raniganj coalfield alone has an aggregate of over 400 feet 
of coal. 
The Indo-Australian Gulf 
The isopach maps of India and Australia bear strong similari-
ties to the isopach map of the English Coalfields (North: 1931 ; 
99). The maximum thickness of the sediments, indicating the 
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tectonically most active part of the basin, was perhaps in the 
region between the two opposing coasts as they stood at the time. 
It might very well have been the shadow of the event that was 
yet to come, the splitting of the land along that line. The subsi-
dence, and accordingly the thickness of the sediments preserved, 
decreased more rapidly on the Australian side. The lithotope 
favoured the deposition of limestones, and not so much of coal, 
not at least in the present coastal region. It occurs only in the 
Collie Basin and the Irwin River areas, perhaps allochthonous 
in both. 
D. Carroll, working on the heavy mineral assemblage in the 
Irwin Basin arrived at the conclusion that the garnets, etc. in the 
upper part of the Coal Measures came from a western source 
(1945: 91). She suggested a ridge of garnetiferous gneisses, a 
continuation of the Northampton-Greenough region. In their 
palaeogeographic map of the Permian Period, David and Browne 
(1950:393) show the area to be a part of the "Westralian" 
geosyncline. Even though this was not so, the region, apparent-
ly, is too small to yield a significant amount of heavy minerals. 
The author suggests that the detrital material concerned came 
from the khondalites of India or Ceylon, perhaps more from the 
latter, and the Greenough area was continuous with it. 
The Umaria Marine Bed 
The occurrence of an isolated marine bed in the heart of India, 
without any apparent connections with the sea area outside, has 
puzzled the Indian geologists for a long time. The suggestion by 
Fermor, accepted by Fox, that an arm of the sea ran across the 
top of the Vindhyans has been referred to earlier. Krishnan 
(1949: 284-5) suggested a connection to the west. This, however, 
does not take into account the affinities of the fauna which are 
distinctly to the Anthracolithic assemblage in Assam. It has 
been pointed out earlier that Gee's geological map suggests that 
a connection to the north or the west was not possible. 
On the other hand, it is very likely that the connection of this 
fossil bed was to the south-east, where marine conditions might 
have prevailed over a fairly extensive area. Its rcords are 
found only in Australia now, and it appears that almost the last 
vestige of it has been removed from the coastal areas of Madras, 
and Orissa, as well as from Madhya Pradesh. The recent 
discovery of the Hasdu Basin fossil bed. some 90 miles to the 
E.S.E., strengthens the force of this argument. 
82 AHMAD: PALAEOGEOGRAPHY OF THE GONDWANAS 
The fossils in Umaria are preserved in four separate beds of 
limestone each hardly more than two inches thick, and separated 
by thin beds of shale which also contain an occasional fossil. In 
one of the beds the Productids are lying so thickly packed that 
the impression of a sudden death overtaking them is almost in-
escapable. The circumstances in which Metalegoceras jacksoni 
occur in the Irwin Basin on the west coast of Australia are said 
to be indentical. Clarke et al. have shown that there were nine 
or ten invasions of the Irwin River area by marine fauna, and one 
of them brought M. jacksoni. The Productids of Umaria probab-
ly came in one of these, or a similar invasion. The predominant 
red colour of the beds and thin plates of gypsum in the Umaria 
bed might be indicative of barred basin conditions in thjs area as 
well. 
Cowper Reed (1928 : 367-98), who studied this Umaria fauna, 
thought that it had no affinities with the West Australian fauna. 
But then he based his opinion purely on external characters, a 
technique that was already regarded as unreliable when he 
adopted it. Moreover, many important discoveries have since 
been made in Australia, and recent research has tended to change 
the entire nomenclature of the Productids. In any case, Cowper 
Reed's identification provided only negative evidence. It is, in 
this connection, remarkable to note that Teichert (1949: 4), 
following Gerth, considered that what Reed described as fish 
tubercles (or teeth) could really be parts of the genus Calceolis-
pongia, which has so far been reported only from Western 
Australia, Timor and Tasmania. The identification of the 
Umaria fauna, therefore, stood in urgent need of revision, parti-
cularly by a person who is familiar with the Australian species. 
Dr. Thomas (1945) who has been revising the West Australian 
Permian fauna, has recently had an opportunity of studying a 
small collection from Umaria made by Prof. Carey and the pre-
sent writer. Thomas confirms the presence of Calceolispongia, 
and is of the opinion that "The fauna is a small one All the 
forms show very close resemblances to species in the Lyons 
Group, particularly with a fauna in beds 1,500 ft. from the top. 
The Lyons has forms close to Producfrus (Linoproductus) 
umariensis Reed, and its varieties, "Spirifer" nasarhensis Reed. 
Ptychomphalia umariensis Reed, and a new primitive species of 
Caceolispongia, an unusual crinoid genus. 
"Also mention should be made of Eurydesma now known in 
the Lyons and probably present in Umaria". The presence 
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of Eurydesma has now been recorded from the Hasdu bed as 
well. 
It has been pointed out earlier that freshwater deposits pass 
laterally into marine deposits, and vice versa. This has been 
quite a common feature in other parts of the world, though 
originally it sometimes resulted in mistaken correlations every-
where. In the type area of the Permians, the deposits near Perm 
are typically of freshwater origin. Plant fossils, red beds, 
ripple marks, sun cracks and other evidence of their being so are 
present. But at Kazan the deposits are as typically of marine 
origin. The passage is very gradual and starts by tongues of 
limestone appearing between freshwater sediments. Further on 
the interfingering is more marked and gradually marine litho-
facies predominate. Studied separately it would be impossible to 
infer the relationship between them, and no wonder that al-
together different ages were assigned to these beds originally. 
This change has taken place in a matter of a couple of hundred 
miles. Dunbar (1941:315 et seq.) has described it in great 
detail. He also cites the very similar example of the Phosphoria 
Formation in Wyoming (U.S.A.) which too is considered to be 
Permian in age. In Australia itself a distinct lateral change in 
facies is recorded from the Kuttung Series in New South Wales. 
The author considers that similar conditions prevailed in India 
at the time, and that the Umaria Marine Beds are remnants of 
these tongues that came out of the marine deposits further south-
east. Fermor (1913: 167) has reported thin beds of limestone 
from the Talchir shales in the former Korea State, not very far 
to the south-east of Umaria. Though he did not find any fossils, 
these may be of marine origin, formed as tongues coming out of 
the same basin, though at a somewhat earlier stage. These lime-
stones are worthy of a second look and deserve a thorough search 
for fossils. Even Fox seems to admit the possibility of such litho-
facies changes in his palaeogeographic maps (1932), Plate 10. 
The absence of large marine deposits in India, as envisaged 
above, is probably due to the fact that the area where these were 
laid down was subjected to erosion during the Triassic Period, 
as a comparison of maps (Plates I and V) will suggest. Though 
this area was, apparently, again covered by water during the 
Jurassic Period, the Permian deposits might already have been 
removed. The Jurassic and Cretaceous deposits were, then, alone 
tc be removed in the long period that began at the end of the 
latter period, and has not yet ended, and no wonder that the 
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job has been thoroughly done. The absence of Panchet and a 
part of the Raniganj beds from the intervening belt of Johilla, 
Kurasia, Bisrampur and Sohagpur indicates a zone that probably 
oscillated between the continuously negative Umaria area, and 
the rapidly rising area to the south-east. 
Extra-Peninsular India 
The environments then prevailing in extra-Peninsular India 
were very different indeed. The presence of traps of considerable 
thickness, and the association of typical greywackes, etc., in 
Kashmir indicate that the region was apparently nearer to the 
eugeosyncline—if not a part of it—than the Salt Range area 
further south, which collected only a very moderate thickness 
of sediments with no volcanics, and was in an equally typical 
miogeosynclinal belt. Conditions more disturbed than in Penin-
sular India are portrayed in the distinct differences in sediments 
in adjacent areas as described in Chapter IV, and apparently all 
the parts were not in perfect communication all the time. The 
entire belt, from west of Spiti to Assam, was apparently miogeo-
synclinal, and the eugeosyncline was further to the north. A 
detailed study of this area will be very interesting indeed, but 
it appears that lack of information is going to stand in the way 
for a long time to come. Tibet lies in the crucial area, but is 
still the terra incognita. 
The Tasman Geosycline 
More like this extra-Peninsular India in genesis, but including 
in parts the eugeosynclinal belt itself, is the eastern part of 
Australia. Like the Kashmir area, the sequence is complete here 
since the Devonian Period, and it also continued till the Jurassic. 
The total thickness and character of the deposits during the 
period of its existence as a geosyncline was much more than in 
India. In parts the preserved Permo-Carboniferous sediments 
are over 23,000 feet thick, as at Cracow. There was intermittent 
igneous activity throughout the Permian Period and even later, 
and lava flows are frequent in any section. 
Like extra-Peninsular India, there is distinct evidence of 
basins, separated by structural high. Since the area has been 
geologically investigated in more detail than its counterpart in 
India, D. Hill, in Queensland, as already mentioned, has been 
successful in identifying these basins. Similar work in New 
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South Wales and the Himalayan region is only waiting for 
research workers. 
Most of the time these basins were not even in direct commu-
nication with each other, and the structural highs that separated 
them, also supplied them with material. Such was, apparently, 
the New England Ridge. 
The Basal Tillites and the Glaciation 
Nothing has so far been said about the tillites that occur 
under the Permians, almost everywhere. Map, Figure 3, shows 
their distribution and their thicknesses at various localities in 
India, Australia, as well as in other continents comprising Gond-
wanaland. It is not surprising that their thicknesses appear to 
be rather erratic and it has not been found possible to draw 
isopach lines for them. They were not deposited on an even 
surface, and were perhaps laid down by a receding ice cap, 
which must have had an oscillating front. It is, however, re-
markable that an isopach map for the entire Permo-Carboni-
ferous Period retains the general pattern produced in Plate III. 
F I G . 3. 
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The map shows the limits of the glaciation which lie in the 
form of an oval. Outside this there are no reported tillites, and 
red beds predominate in the sediments, as in north-west S. 
America and Africa. Though red beds, admittedly, do not al-
ways indicate a warm dry climate, their occurrence under the 
present circumstances appears to be significant. The map also 
indicates the direction of movement of the ice as inferred from 
the known striated pavements. Only two such localities* are 
known in India and four have been recorded from Australia. 
Du Toit, map Figure XV, has shown several arrows on Penin-
sular India, but the author has failed to find any reference of 
these in the Indian literature. The directions of ice movement 
in S. Africa and S. America have, however, been taken from Du 
Toit's books (1937: 76, also 1939: 245). The inevitable conclu-
sion from the map is that the centre of the glaciation covered 
the area which now forms parts of Rhodesia, Mozambique, 
Tanganyika, Madagascar and, perhaps, a part of Australia. 
Ahmad (1960) considers that the drifting of Gondwanaland 
brought the different parts of the continent under the ice-cap 
at somewhat different times, beginning in the Carboniferous 
Period when Australia and South Argentine were affected, and 
ending in U. Permian when Tasmania and south-east Africa 
were glaciated more or less simultaneously. 
It does not follow automatically that the South Pole of the 
period lay in this area, but it is more than probable. The 
centre of the Pleistocene glaciation did not coincide with the 
North Pole. Nor will it be logical to expect the ice-cap to be 
circular. The Pleistocene ice-cap was not, the much reduced ice 
cap today is not. But a geometrical figure appears to be much 
more reasonable than the one shown on Du Toit's map, and tilts 
the balance, ever so slightly, in favour of Carey's assembly, if 
for no other reason, then simply because it reduces the glaciated 
area very considerably. The directions of striations on the plat-
form shown on the map go to confirm this conclusion. Clarke 
et al. (1948:43) state that they noticed three huge 'White Horse' 
type cherty quartzite boulders lying in a straight line. Extend-
ed, this line passes through the striated platform in India only 
with a slight change in direction. They also give the source of 
this quartzite to be in the south, the Yandanook-Coorow area, 
which also lies in the same straight line. Though it would be 
conceded that this in itself does not constitute an evidence, it 
appears to be an interesting coincidence, and might indicate the 
direcion of the ice-movement from somewhere in the eastern 
part of Africa to Simla and the Salt Range. 
One of these may be older. 
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Only such a direction of ice movement would account for the 
presence of abundant angular garnets in the Talchir shales of 
Singrauli area, these having been derived from the khondalites 
to the south-east. It would be difficult to account for them if 
the glaciers are imagined to have descended from the Vindhyan 
Ranges, for their angularity rules out any possibility of redeposi-
tion from sedimentary rocks, and they are not known from the 
intervening isoclinally folded Bijawar shales. Neither is it 
possible to presume their source to be in the Aravalli Ranges 
for that would not account for their abundance, as the "Vindhyan 
glaciers" would supply by far the larger part of sediments. The 
occurrence of khondalite boulders in the tillites of Talcher—the 
type areas for the Talchirs— has already been mentioned, and 
no khondalites are known from the north of this field. It is of 
interest, in this connection, to note that Du Toit (1948: 113-126) 
from a totally different line of evidence, arrived at the conclusion 
that the axis of climatic zones from Permian to Rhaetic was 
N.E.-S.W. in Africa. This would almost coincide with the long 
axis of the ellipse in Figure 3. 
Distribution of Coal, etc. 
Plate IV shows the distribution of Permian coal deposits. 
These have been classified into autochthonous, and allochthonous 
coals wherever it could be determined with a reasonable degree 
of certainty. On the east coast of Australia the coal is autoch-
thonous, but in Tasmania it is allochthonous. On the east coast 
of Africa, too, the coal is considered to be of similar origin. Even 
more remarkable is the continuation of oil shales from New South 
Wales, through Tasmania, to east Africa. Again, a conformable 
sequence from the Devonian to the Permian occurs in Argentine, 
S. Africa and eastern Australia, which, on the reconstruction used 
here, fall in a continuous belt. The continuation of this belt to 
join a similar conformable sequence in Kashmir is, of course, 
hypothetical. On Du Toit's reconstruction these belts would not 
show up unless they are supposed to run through Antarctica. 
On Schuchert's reconstruction with separate basins, it seems 
difficult to imagine the existence of identical eugeosynclinal 
conditions simultaneously on the different continents, though it 
is, by no means, impossible. On this map, the post-Permian oro-
genic movement in east Australia, South Africa and Argentine 
falls in a narrow compact belt of this eugeosyncline. With each 
such feature the odds multiply to make a fairly convincing case 
for the assembly used here. 
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It may not be out of place here to draw attention to the 
occurrence of stichtite, a by no means common mineral, even 
though it is from older rocks. It was originally described from 
the west coast of Tasmania and has been reported from Barberton 
district in eastern S. Africa (Hall: 1922). These two localities 
lie almost opposite each other on the maps. The only other 
locality in the world from which stichtite has, so far, been report-
ed is in Canada. 
THE TRIASSIC MAPS 
Plate V, gives a map of the Triassic Period compiled by 
the same technique. In Peninsular India the Triassic System is, 
in most places, the highest formation exposed today, and it is not 
known what proportion of its original thickness is preserved. 
This part of the map is, therefore, admittedly imperfect and hypo-
thetical. Yet, it brings out the general character of the Triassic 
Period—the general regression of the sea—surprisingly well. 
Apparently, the deposition was, for once, in more or less isolated 
basins, though it does not mean that these basins were faulted as 
imagined by Fox. Isopach form-lines, consequently, do not pass 
directly from one continent to the other, and this does not allow 
the test of their continuity to be applied any convincingly. 
Carey's reconstruction was, however, used again, and it would, 
presently, be shown that it proved satisfactory. An extensive 
area on the east coast of India, apparently formed a structural 
high and was subjected to denudation. 
Again, the appropriate beds are not exposed in Cutch, but it is 
presumed that the area did receive sediments and the Triassic 
System lies under the Jurassic seen there. This Indo-African 
gulf retained its general form and covered the area up to 
Madagascar. The east Australian geosyncline,—the Samfrau of 
Du Toit—too, was very much reduced in extent and changed its 
character to auto- or exogeosyncline. There was considerable 
volcanic activity just to the east of Australia (David and 
Browne: 1950 ; 411) during this period. 
Generally speaking, the deposits are of freshwater origin 
and vertebrates have been found in many areas. Mostly the 
sandstones are red. Marine deposition, however, took place in 
Timor and in extra-Peninsular India, which were in more direct 
communication. On the other side the geosyncline extended to 
New Zealand. Coal was formed in east Australia, Tasmania, 
Abyssinia, etc. 
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As in the case of the Permian System, the deposits of coal 
were plotted on the map (see Plate VI). Though the coal 
formations of N.S. Wales, Tasmania and South Africa do appear 
to be continuous, they would, alone, not constitute an argument 
in favour of the assembly of Gondwanaland. But when the 
distribution of the rather unusual glistening sandstones, which 
extend from Africa to N. S. Wales, through Tasmania, is also 
taken into consideration, the distribution of coal also becomes 
significant. No red beds are reported from the Triassic System 
in Queensland, but in the Broken Bay—Tasmania—Orange Free 
State triangle they accompany the coal and the glistening sand-
stones. On Du Toit's or Schuchert's map this would not appear 
as a single, extensive belt. 
THE JURASSIC MAPS 
The regression and desiccation that characterised the Triassic 
Period did not last very long, and the Jurassic Period brought a 
general transgression of the sea again, map Plate VII. All the 
continents were more or less affected. Practically all of them 
FIG. 4. 
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were mote extensively covered than in the Permian Period, even 
though the land had been thoroughly peneplaned then. The Indo-
Australian gulf was widened. Even Ceylon now became a struc-
tural low and sediments were deposited there. Marine fauna left 
its mark in Madras, but the most important record of these marine 
conditions comes from Cutch. The sea here covered practically 
the whole of Rajputana, which came in more direct contact with 
the Salt Range area. A narrow peninsula, perhaps, separated 
the latter from the Spiti belt. Southward from Cutch the gulf 
persisted to include Madagascar and Tanganyika, where the 
marine fauna has distinct Cutch affinities. 
A change in the facies between the north and south of Lake 
Nyasa, and a sudden disappearance of the Cutch fauna south 
of Madagascar, along with the absence of any preserved sediments 
older than the Cretaceous, indicate that the isthmus still connect-
ed Australia with East Africa. Large parts of eastern Australia 
were covered by fresh water, the Permian "island"—the New 
England Ridge—reappeared. This structural high might have 
been continuous with the land that existed in New Guinea at the 
time. 
Igneous activity (Figure 4) was very pronounced at this 
period, particularly so in a belt that embraced eastern Australia 
and Tasmania, South Africa, Brazil and the adjacent parts of 
Antarctica. Outside this single, extensive area there was sporadic 
activity only in India. The Rajmahal traps were presumably 
erupted by some fissures to the north, as their increasing thick-
ness in that direction indicates, and the centre was perhaps in 
the Tethyan geosynclinal belt. The Abor and the Sylhet traps 
might originally have been continuous with this, but so little is 
known about them that it is difficult to form any opinion. The 
basalts of Aden and Oman are of doubtful age, but those of 
British Somaliland have been confirmed to be Jurassic. It is 
likely that the great belt of igneous activity which ran from 
Brazil to eastern Australia had a branch running through north 
eastern Africa and embraced the whole area up to British Somali-
land and presumably Aden, perhaps even Oman. It is admitted 
that the African basalt was formerly much more extensive than 
the present outcrops indicate. "Forming sills and dykes these 
Dolerites significantly avoid the Gondwanide fold-belt, though 
occupying a wide region parallel thereto in Uruguay, Brazil, 
Southern Africa, Antarctica and Tasmania, and just touching 
New South Wales Their co-genetic nature is borne out by 
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their wonderfully uniform petrological composition and charac-
t e r ' ; (Du Toit: 1937 ; 94). 
The dolerite sills of South Victorialand (Antarctica) were 
studied by Edwards, and he describes them as a 'perfect match' 
to those of Karroo. Browne also studied them and he remarks 
(1923:251): ''This rock is strikingly similar in texture and-consti-
tution to a coarse phase of the Tasmanian dolerite from Domain, 
Hobart. similarity extending even to the curvature of the flatten-
ed and elongated pyroxene prisms". He further shows that they 
give almost identical chemical analyses. In any reconstruction 
of Gondwanaland on the Drift Hypothesis one is, consequently, 
strongly tempted to bring the two areas together, even though so 
little is known of the geology of Antarctica, and more detailed 
comparison is not possible. 
THE CRETACEOUS MAPS 
A look at the map, Plate VIII, will show that something very 
remarkable had suddenly happened. For the first time in its 
history the entire coast-line of Africa from Somaliland to Gold 
Coast was, apparently, defined and the shape of the continent 
was determined. Sediments of this age are known as the Coastal 
System in South Africa, and the name is very apt, for they really 
torm a narrow ribbon running all round the southern part of the 
continent. In South America the sea had almost left the east 
coast altogether. For the first time, too, the tiny island of Socotra 
was cut off from the Indian shield and was submerged, while the 
"land bridge", if one can use that term without creating confusion, 
between Australia and Africa, was broken. Completely different 
floras appeared in the two continents. For the first time now an 
identifiable marine fauna is found on the east coast of India, and, 
surprisingly, it has more in common with the West Australian 
fauna, than even with west Indian fauna, with which, too. it 
was. apparently, in direct communication. The Trichinopoly 
fauna is duplicated in the North West Basin, which also shows 
great affinities to the Madagascar fauna, thereby indicating that 
there was free passage during the Upper Cretaceous Period. 
Sea wTas, however, more extensively covering India north of R. 
Narbada. Remarkable is the fact that while the occurrence of 
evaporites in Uttatur indicates a barred basin on the Indian 
side, '"barred basin in the Perth .'Sunkland' durins the 
Lower Cretaceous and Eocene" existed on the opposite side of 
the basin as well, as is pointed out by Clarke et al. (1948:78). In 
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addition to gypsum and salt, chalk and phosphatic nodules occur 
in both the areas. 
Marine sediments are extensive, and though in places fresh-
water conditions prevailed temporarily, the only extensive area 
of fresh-water sedimentation was in Sudan, apparently a shallow-
basin connecting the sea in Egypt with that in Somaiiland. 
The suggestion is strong that, perhaps, by the end of the 
Jurassic Period S. America on the west started drifting apart, 
while Indian-Australia separated from Africa on the east. 
Concluding Remarks 
Before closing this chapter it might be pointed out that it 
is not claimed that the maps presented here are the final word. 
As more work is done and more authentic measured sections are 
available, it would be found necessary to make alterations. The 
author is, however, of the opinion that it is not likely that the 
overall picture here presented would be materially altered. All 
such information would go to add to the details. The entire 
evidence goes to justify the selection of the Gondwanaland re-
construction used. 
CHAPTER VII 
SOME OTHER ASPECTS OF PALAEOGEOGRAPHY 
Perhaps the best test for a theory is to base its enunciation 
on as few and broad principles as possible and then to test it 
on the details. In the preceding chapter the new palaeogeo-
graphic maps, based on Carey's assembly of Gondwanaland have 
ben presented. These have been built up on the basis of iso-
pachs and epeirogeny as reflected in the sediments, In this 
chapter an endeavour will be made to see if the known facts 
about structure, palaeontology, climate, etc., fit into this new 
picture any better than in the old. In the next chapter the 
relative merits of some of the better known reconstructions of 
Gondwanaland will be briefly reviewed. 
Reference has, in the previous chapters, been made to the 
affinities in rocks, fossils, strikes, etc., some of which suggest 
consanguinity of the two main countries that are primarily the 
subject of study here. It has also been shown that the faulting 
in Peninsular India was not contemporaneous. Jowett was 
apparently right when he said (1925:193). "It seems very 
clear that the whole system of faults and folds is quite indepen-
dent of the existence of coalfields that originally existed, and 
owe their preservation to the former." To take the point to its 
natural conclusion it is essential to examine the evidence, if any, 
for the approximate time of this folding and faulting, though 
it may be noted that there is only an insignificant amount of the 
former, while the faulting is all of normal block type. 
Orocline and Faulting 
The circle of Indian geologists has held that Peninsular India 
has not been subjected to any uplift or movement since the 
Precambrian times, when the Vindhyans were folded and up-
lifted. It has been mentioned earlier that this view is a legacy 
of the time when the glaciers were believed to have come down 
from these snow-capped mountains. Though most Indian geo-
logists of consequence today believe in the Drift Hypothesis they 
have not given serious thought to the problems that the move-
ments of such large land mass naturally involve. The author 
has failed to find any evidence of such long quiescence and has 
suggested that, perhaps, the Vindhyans were uplifted since the 
Permian times. The Vindhyan topography is certainly vary 
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young and could not be older than Tertiary or even younger. I t 
is, at the same time, obvious that Peninsular India has not been 
subjected to orogenic movement for a much longer time, perhaps 
not since the Bijawar beds were involved in folding. 
This need not be true of the Rajasthan area where, though 
the Jurassic rocks are widespread, the Aravalli Ranges show 
signs of more recent rejuvenation, if not of actual mountain 
building movement. 
It is suggested by Carey (1951, MS.) that the drifting of the 
Indian shield has been about a 'hinge' west of Baluchistan. 
Similar drifts about hinges are postulated in other parts' of the 
world, e.g., in the Pyrenees, Italy, Mexico, Alaska, etc. This 
bending and folding of the strata in Baluchistan, through an 
angle of almost 90 °, referred to as an "Orocline", compressed the 
strata within the two arms, and resulted in a tension on the 
obtuse side. This tension, Carey suggests, not only opened the 
Arabian Sea but also brought about the rift faulting on the 
Peninsula, exactly as the Pyrenees Orocline opened up the Bay 
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of Biscay while creating the heavily folded and overthrust 
ranges of Pyrenees Orientales. Fox (1930) writing about the 
Jharia coalfield points out that gneisses appear to be forced into 
the Gondawanas along the northern boundary fault, and says 
"These features have a subtle significance ; they clearly indicate 
tensional forces due to an extension of the strata". And one is 
almost tempted to add 'followed by a movement in the horizon-
tal direction'. 
The major faults have been plotted on the map, Figure 5, 
and they all appear to run into one another and then towards 
the "Baluchistan Orocline". This is certainly remarkable. Those 
shown in Australia have been taken from Fairbridge's published 
map and other recent literature and the effect of the orocline 
appears to have been felt. Exceedingly interesting is the conti-
nuation of the Godavari Valley system of faults into the Darling 
fault of Irwin River-Collie Basin area. The major directions of 
faulting in the N. W. Basin is N. 15°W and N. 75° W. (Condit 
et. al.: 1936 ; 1060) and the latter runs into this just outside the 
present shore of Australia. The continuation of the Mahanadi 
system of faults might similarly run directly into the Deserl 
Basin, where the Pinnacle and Mt. Fenton faults run parallel in 
a direction approximately N. 53° W. 
The nearly east-west faults of the Damodar Valley would 
run mainly to the north of Australia. The southern boundary 
fault of this area, if it reached Arnhem Land, is yet to be dis-
covered. Perhaps it did not, and died out in the intervening 
area. The northern boundary fault had almost died out even in 
Raniganj. Raggatt (1937: 166) agreed that the Urella fault in 
Irwin River area is post-Jurassic, and thought that some of the 
faults in the N. W. Basin are post Lower Cretaceous. Teichert 
(1952 : 119) points out that in Wandagee area faulting has effected 
L. Cretaceous rocks. 
Many in Australia believe that the fault pattern in Western 
Australia was determined in Precambrian times. It may very 
well be so for India too, and there is some evidence available 
to suggest this. 
The Beginning- of the Drift 
This interpretation, if correct, would indicate that Australia 
had not drifted apart when this faulting occurred. It has 
apparently been presumed that the drifting of all the continents 
started simultaneously. The author, however, considers that this 
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need not be the case. The date of each break has to be fixed 
on independent data, and the evidence that Australia and India 
were together when the faulting occurred, need not convey that 
India and Africa were also joined together as during the Permian 
Period. It has been demonstrated above that Africa had already 
taken shape at the beginning of the Cretaceous. More import-
ant than the evidence furnished above is that of the fossil flora. 
The remarkable uniformity in affinities, genus and species that 
had marked the flora of Australia. India and Africa from tb<j 
beginning of the Permian Period, was suddenly broken at the 
beginning of the Cretaceous. While India and Australia conti-
nued to have similar flora throughout the Cretaceous, and the 
east coast marine fauna and barred basin conditions were dupli-
cated in West Australia, the African flora was absolutely differ-
ent from that of Australia (Walkom: 1929 ; 161). 
Large scale outpouring of basalt is always associated with 
tensional faulting, which invariably precedes it. The age of 
the Deccan Trap is not definitely fixed, but is believed to be 
either the uppermost Cretaceous, or the lowest Eocene (Palaeo-
cene). This suggests that the age of the faulting is from Middle 
to Upper Cretaceous, at the latest. 
It is more difficult to determine the date when India and 
Australia parted company, but it would not be very much after 
this faulting. It might very well have been started by this. 
The trap that covered Peninsular India almost from one end to 
the other and flowed out into the Arabian Sea, apparently did 
not reach Australia. It is seen in Rajahmundry, but not in the 
North West Basin where marine Eocene* Giralian Series overlies 
the Cretaceous Cardabia Series with only a slight disconformity. 
The few scattered volcanic outcrops recorded from Western 
Australia seem to be of different type and of doubtful age. The 
Kimberley leucites are probably Neocomian. While all this may 
mean that the trap solidified before reaching the Northwest 
Basin, or that for some reason the flows were directed more to 
the west, it may also mean that the countries were not together 
when the outpouring occurred. Obviously, this is not very 
direct or convincing evidence but this is as far as the author 
would go on the available evidence. 
Age of Faulting 
Striking confirmation of the age of faulting as suggested 
above, is available from a slightly different line of evidence. 
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The dolerite dykes that cut through beds of the Gondwana 
System in the Damodar Valley (India) area are, admittedly, of 
two periods of igneous activity, the Jurassic to which the Raj-
mahal Traps belong, and the Cretaceous-Eocene, when the 
Deccan Traps were erupted. On the above hypothesis the 
former is older than the faults, the latter younger. In the 
Damodar Valley most of the faults are older than the dolerites 
(Krishnan: 1940; 282), whereas "the traps in Rajmahal area are 
affected by the faults" (ibid). Dolerite dykes are not reported 
from Western Australia, but they are not known from Godavari 
Valley either, and only one has been recorded from Mahanadi 
Valley. 
It has been conceded that the broad down-warping movement 
envisaged here, does not exclude faulting altogether. The argu-
ment has primarily been against the major boundary faults, as 
original boundaries of sedimentary troughs, and most of the 
other faults seem to have been associated with these. Some 
local contemporaneous faulting, however, probably, did take 
place here and there. Some might have been associated with 
the movement that brought about the slight unconformity above 
the Panchet Series. The amount of the unconformity itself does 
not signify a major convulsion of the earth. Jowett (1925: 141), 
nevertheless, assigned the main folding and faulting to the period. 
The palaeogeographic maps, however, do not suggest this either." 
Absence of Vertebrates 
A factor that puzzled Indian geologists completely is the total 
absence of vertebrate and freshwater fauna from the Lower 
Permian sediments in India. Fox (1932:207-208) thought that 
"The absence of land animals (vertebrates) may be explained by 
the destruction of their bodies in the turbulent floods. It is, how-
ever, difficult to account for the absence of freshwater fauna 
unless the water of the lake was poisoned by organic acids of the 
vegetable matter or gaseous emanations from the fault planes." 
This escape may be ingenious but it is not convincing and Fox 
himself realised it. The rarity of the conglomerates very definite-
ly shows that "turbulent floods" were few and far between. The 
abundance of vertebrate fossils in the Siwalik beds, which are 
admittedly flood deposited, militates against the hypothesis. 
One, moreover, wonders why the same factors were not operative 
in other parts of Gondwanaland where under apparently similar 
conditions vertebrates are preserved extensively, as for instance, 
in S. Africa and S. America. 
* Krishnan (1358 : 426) points out that faulting in Godavari Valley is post 
Jurassia in age. 
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A look at the map, Figure 3, however, explains the position 
very satisfactorily. At the height of glaciation practically 
the whole of India was covered by ice. The fauna, as well 
as the flora, was either destroyed or had migrated. The same 
was the condition in practically the whole of Australia (with the 
exception of Cape York Peninsula and Arnhem Land), the whole 
of central and south Africa, and the major part of South America. 
To the north and west of India was the Tethys. The only consi-
derable areas where land and freshwater animals could take 
refuge were the Sahara-Northern Brazil area on the one hand 
and the Antarctica area on the other. The intensely cold 
climate was, perhaps, more inimical to animal life than to plants 
and the former did not survive in northern Australia, though the 
flora did. It has been pointed out earlier that as the ice receded 
the sea took over. India was effectively cut off from these verte-
brate reservoirs. It was yet easy for the flora, with its 'winged-
pollen' and wave borne transport, to re-establish itself quickly, 
but neither freshwater fish nor vertebrates could return. The 
only 'land bridge' open was very tortuous indeed and even this 
was effectively closed in Africa, for the ice there persisted much 
longer, as is shown by the Woodbridge Tillites and the ubiquitous 
erratics in Tasmania. It is, therefore, not surprising that though 
vertebrates are recorded from South America and Africa in the 
Lower Permian, they do not appear in India and Australia till 
the Upper Permian period, and even then are very rare. The 
forests that grew the Dadoxylon and the Gangamopteris were 
practically uninhabited for a long time and so. loo. was the area 
over which the freshwater conditions prevailed. The oniv 
specimen known from the L. Gondwana beds—the Actinodovt— 
is from Kashmir and indicates that perhaps a few survived in 
the northern part of India, perhaps on the "island" there. Then, 
someti fter the Middle Permian period a few vertebrates 
appear to have entered these continents, perhaps, during a very 
short inter-glacial period, and there is record of Bot7mceps from 
the Upper Coal Measures in New South Wales, and Gondwano-
saurus from the topmost Permian beds in Peninsular India. 
This conception of a Permo-Carboniferous refuge receives 
additional support from the occurrence of Lepidodendron and 
Sigillaria from S. Africa and S. America only. It is very signi-
ficant that Lepidodendron alone is reported from the Permian 
beds of Queensland and the Desert Basin only, though it was 
widespread in the Carboniferous Period over the whole of Aus-
tralia. Apparently, it survived on the Cape York Peninsula and 
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Arnhem Land. Sahni (1928: 243), considers these occurrences as 
remnants of the Carboniferous flora, and Lepidodendron has, 
indeed, been reported from the freshwater Carboniferous of 
Sudan. It apparently, died out before it could reach New South 
Wales or India. The change in the flora, then, was not due to 
the "Striking biological changes that involved the wiping out 
of most of the plant life and by the rise of Gangamopteris-
Glossopteris flora" as stated by Du Toit, but due to extermina-
tion by ice-cap. The Glossopteris flora might have evolved in 
Antarctica, as suggested by Seward, and spread therefrom, and 
Du Toit's suggestion that it evolved in S. America, does not 
appear to be borne out by evidence. From Antarctica it is likely 
to have reached Australia and Argentine more or less simul-
taneously, as it presumably did and there got associated with 
Lepidodendron. 
The Age of Dwyka Series 
If the centre of the ice-cap was located in east Africa, then, 
it follows as a corollary that the top of the Dwyka Tillites is, 
probably, younger than what has usually been supposed, Glacia-
tio'n, presumably, ended with the Woodbridge Formation of 
Tasmania. This is also indicated by the occurrence of 
Gangamopteris, Eurydesma and Conularia in the Dwyka Series, 
whereas these fossils occur much above the basal tillites in India 
and Australia. Mesosaurus, which occurs in the 'White Band' 
just above the tillites in South Africa, is also known from the 
Iraty Shales in Brazil. It is significant that recent opinion in S. 
America (Barbosa: 1952:317) considers that there exists a dis-
conformity between the latter and the L. Permian Tubarao 
Series, which carry the tillite and the Glossopteris flora. The 
Iraty Shales are overlain by the marine Passa Dois beds which 
pass upwards into Middle Triassic beds. Oppenheim (1935) con-
sidered the Iraty Shales to be distinctly Upper Permian in age. 
A supra-lower Permian age may, thus, safely be concluded for 
the Mesosaurus bed in the Parana Basin, and should apply to the 
White Band as well. 
The presence of only one species of Gangamopteris, the 
ubiquitous G. cyclopteroides, its extreme varity in the Ecca 
beds and the occurrence of Glossopteris retifera only in The 
lowest beds of the Lower Beaufort do indicate a higher age, con-
forming more to the uppermost Raniganj in India. The decline 
of the genus Gangamopteris in the U. Permian is a well 
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established fact and both in India and Australia its disappear-
ance synchronised with the end of the Permian Period. 
The presence of Gondivanidium validum. a species restricted 
to the Karharbari beds in India, however, militates against such 
a conclusion. Yet it may be pointed out that in Australia it 
presumably occurs in the U. Coal Measures, and, therefore, 
appears to be valueless for correlation. It is, on the other hand 
more probable that the number of species of Glossopteris and 
Gangamopteris present and the actual proportion of their leaf 
impressions in the composition of the flora are more reliable 
guides to the age of the beds, than the presence or, absence of. 
perhaps, any individual species. Judged by this principle a 
Permo-Carboniferous age for the Dwyka Series is, apparently, 
untenable. For the Wankie Sandstones in South Rhodesia, 
Maufe suggested a Beaufort rather than Ecca age (1929 : xxx) 
and these have been found to overlie a tillite (Bond : 1952 ; 211). 
This flora, certainly, has more affinities with that of Raniganj 
Coal Measures than with the lower formations. 
Du Toit has pointed out (1929: 95) the composite nature 
of the Dwykas in Lainsburg, on the Sundays River and in Natal. 
He considers the breaks to be due to interglacial recessions. If 
these interglacial periods were long enough to be recorded so 
very near the centre of the glaciation, they would naturally be 
represented by much thicker sediments in Australia, where they 
must have started earlier and ended later. These were then the 
periods during which the greater part of the Lower Marine 
Series, the Greta Coal Measures, and a large part of the Upper 
Marine Series were deposited in New South Wales. In Natal 
"a double and sometimes a triple tillite is found" (Du Toit: 
1929 ; 95). In the Hunter River Valley there are the tillites 
of the Lochinvar Shales, the Allandale-Rutherford Stages and 
the Branxton-Muree Stages. It would appear, then, that the top 
of the Dwyka Tillites is, if anything, slightly younger than the 
top of the Muree Stage tillites, and considerably younger than 
the top of the Talchir Boulder Bed in India, where these later 
glaciations do not seem to have been effective. 
It has, in the past, been taken for granted that the basal tillite 
everywhere was coeval. This presumption is fundamentally 
wrong and has resulted in faulty correlation. It could be true 
only if the tillites were deposited by local valley glaciers and 
not by an ice-cap—so extensive both in time and area. 
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The only reason why this correlation has not been adopted 
in this paper is that though the stratigraphic evidence is strong 
and very convincing and there is considerable supporting 
palaeontological evidence, as pointed out above, the author con-
siders that the point requires more confirmation. 
Caster (1952: 141) has pointed out that, "Despite floral affi-
nities with the underlying Permian, the Middle Beaufort reptiles 
are judged by vertebrate palaeontologists as Lower Triassic". 
and this is, perhaps, not without significance. If there was 
a single ice-cap, as the directions of the striations on pavements 
indicate, the tillites nearest to the centre of this ice-cap have 
got to be younger than those further away. Only those along 
the margin of the ellipse in Figure 3 are likely to be contem-
poraneous. This is independent of any other consideration. On 
the other hand, if the glaciation was shifting all the time, as 
envisaged by Ahmad (1960),—and this appears very prob-
able—drift has distinctly taken place. Du Toit's inference of 
the age of the Dwyka based on the evidence of the ages of the 
tillites in South America and India is founded on fallacious 
arguments. But then he believed in several different centres 
of ice, though in his map, Figure 9, Du Toit (1937 :76), has shown 
a single ice-cap. 
This new concept of the age of the Dwyka Series does not, 
on the other hand, cut across the correlation of the Triassic of 
Africa with those of Australia, which appears to be based on 
fairly sound grounds. The Ecca Formation, however, becomes 
the equivalent of the Raniganj Coal Measures of India, and 
the Upper Coal Measures of New South Wales, and thus con-
temporaneous with the second period of coal formation instead 
of the first. 
It need not, however, be emphasized that this view is not 
the same as that expressed by Schuchert, for he imagined the 
glaciation to begin in Middle Permian time, separately in all 
the different continents. Here it is supposed to begin well down 
in the Upper Carboniferous, if not earlier, and end in the Lowest 
Permian time in India and West Australia. Only in South Africa 
and east Australia it continued till much later in the Permian 
Period. 
Incidentally, this may provide yet another explanation for the 
absence of vertebrates in the Lower Permians of India and 
Australia, for there were, apparently, none in Africa either, 
where this interpretation suggests that no Lower Permian strata 
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are represented,* unless these be in the so-called Lower Dwyka 
Shales. Recent opinion in Africa, however, considers that these 
shales do not belong to the Karroo System at all. 
"Erratics" in Coal Measures 
The agency of floating trees has been suggested to explain 
the occurrence of occasional large boulders in the Barakar 
Stage, sometimes even resting directly on a bed of coal. 
Swampy conditions do not exclude the possibility of such an 
origin, but it is not clear how the sphericity and roundness of 
these boulders are to be explained, unless it be presumed that 
conglomerate beds were being eroded everywhere. On the 
other hand these may simply be erratics brought in by floating 
ice—this explanation has been made for a similar phenomenon 
in the Irwin River Coal Measure (Clarke et al: 1948-49; 65), 
and the dumped erratics of the overlying Carynginia Shales 
lend very strong support. This would, perhaps, indicate a local 
ice-cap to the west of Umaria from where valley glaciers 
descended. 
The Carynginia Shales are correlated with the U. Marine 
Series of New South Wales, and a deterioration of climate is, 
therefore, established. On the other hand, the absence of any 
sign of this glaciation from the N.W. Basin (Teichert: 1952 ; 128) 
and the Desert Basin suggests that in this area the cap was 
situated to the south of the Irwin Basin. It might have been 
this cap that, after removing the earlier sediments, deposited 
the tillite now known from below the Collie Formation and ini-
tiated the sedimentation in that area. 
Thicker Tillites of Desert Basin 
The tillites in the Desert Basin are much thicker than further 
south. Teichert (1941 : 393) has suggested that this may be 
due either to an earlier beginning of the glaciation or a quicker 
accumulation of the sediments. He. however, does not explain 
how, with the continents in their present position, an area 
nearer to the equator could be glaciated before an area in the 
temperate region. Even with a single ice-cap, as imagined 
in this paper, an earlier start of glaciation in the Desert Basin, 
lying near the margin of the ice-cap at its maximum, is not 
tenable. On the other hand, it should have reached there later 
and ended earlier than, say, the N.W. Basin. 
*Tiiis has reccitly been studied in detail in a paper ent i led "The age of the 
Gondwana" Glaciation" by Drs. F . Ahmad and ^ . Ahmad. Their conclusions support 
the above hypothesis. 
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It may, however, be pointed out that on land the till pre-
served is usually the deposit formed during the retreat of the 
ice-cap, but over a sea area the deposits formed during the 
growth of the ice-cap are also likely to be preserved. And this 
factor must have materially added to the thickness of the deposit. 
Moreover, the advance and retreat of the cap about the acme 
of the glaciation was—and this is very likely—perhaps, very 
slow. There were, presumably, more spells during which it even 
halted temporarily, while the basin continued to sink fairly 
rapidly, and collected thicker deposits than those further south. 
Distribution of Gangamopteris 
Teichert (1943) has also pointed out the absence of 
Gangamopteris from the Desert Basin though Glossopteris is 
present in the Poole Sandstones and in younger beds. It is 
generally not safe to base an argument on the absence of a 
fossil from an area about which r-eally so very little is known. 
He mentions that "Du Toit (1930) seems to have been the first 
to point out that the distribution of Gangamopteris is generally 
more restricted than that of Glossopte?'is. In South Africa it 
does not range north of Union Territory". Du Toit himself 
reported it from the Entebbe Series of Uganda in 1931, and 
this shows the extreme vulnerability of such conclusions. 
Stockley had, already, reported Gangamopteris from Tan-
ganyika in 1922, and then Rennier in 1933 discovered it in 
Walikale, Belgian Congo. In fact he found no Glossopteris in 
his collection. It also occurs in the Wankie Coal Series of 
Rhodesia. 
After pointing out the absence of the genus from Queens-
land, which is geologically well explored and should have 
yielded it. from north of 22°S. latitude, Teichert concluded, 
"that the Gangamopteris plant was better adapted to a colder 
climate than Glossopteris. Such an assumption would account 
for its early appearance and its limited northerly distribution". 
But such an assumption would create the much greater diffi-
culty of explaining its distribution in India and Africa if the 
present latitude had any significance at the relevant period, as 
he appears to take for granted. It occurs in India in practically 
every area from which Lower Gondwana bed.s have been 
reported, and this means to about 17°N latitude. It reached 
much nearer to the Equator in Africa. Teichert's conclusion 
about its better adaption to colder climate may still be correct. 
for in Queensland it appears to have been, for some reason-
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restricted to the area that had actually been glaciated, and not 
from beyond the area presumed to have been covered by the ice-
cap. Soil or drainage could equally have been the contributing 
factors. 
On the other hand, the great uniformity of flora from 
Argentine to Queensland and from Kashmir to Antarctica indi-
cates, as Du Toit has pointed out (1937:83) the absence of any 
effective barrier in the form of high mountains or, perhaps, wide 
oceans, as well as a fair uniformity of climate. KnowTlton 
(1919: 501) was right when he pointed out "that plants inhe-
rently possess the qualities which permit them to "exhibit the 
more reliable criteria as to the climatic conditions". 
Foreign Origin of Sediments 
A peculiar feature of the deposits on the east coast of 
Australia is that the sediments appear to have had their origin 
further to the east. It has been known for a long time and was 
re-established when Culey (1938: 103), examining the heavy 
mineral assemblages in the Permian and Triassic sediments 
of New South Wales, came to the conclusion that the sediments 
had their source in the east. Du Toit came to the same con-
clusion for the Karroo beds of southern part of the Cape (1939: 
250), Veatch has pointed out the case of the Lubilash sediments 
of the Congo basin which appear to have their source in the 
Atlantic (1939: 61). Krishnan mentions it for the Cretaceous 
Uttatur Beds of South India and the phenomenon has been 
noted on the east coast of S. America. The case of Western 
Australia has already been mentioned in some detail, while 
Bray (quoted by A. Holmes: 1929 ; 809) has convincingly de-
monstrated that the source of the Gold Coast Banket deposits lay 
in the area to the southwest, in the region that is now sea. "Thus 
where the Atlantic now lies there must formerly have been a 
great river, possibly transporting gold from a continent that 
has since subsided far beneath the waves, or drifted away to 
the west where, perhaps, part of it is still recognised in the 
auriferous tract of Guiana and Brazil" (ibid.). And the diamonds 
now won from the sediments from the west coast of Africa are 
said to be identical with those of Brazil and are not akin to those 
of Africa. 
Currently, because of the inherent difficulty of getting rid 
of large land masses without leaving any trace, the tendency 
has been to believe that chains of islands existed beyond the 
coasts. This hypothesis of "island arcs", however, appears to 
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be applicable only to the orthogeosynclinal basin, whereas the 
instances quoted above—and the list is by no means exhaustive-
do not seem to have been restricted to these earth features. 
Moreover, it seems hard to believe that every major continent 
in the past had chains of islands all round it, nor is the feature 
restricted to Gondwanaland, for Schuchert had to presume the 
former existence of Appalachia and other hypothetical land-
masses to explain the sources of sediments on the coasts of North 
America. 
On the other hand, in any reconstruction of the land-form 
on the Drift Hypothesis, Australia had extensive land areas 
on both sides, S. America had it on the east, and Africa had land 
areas to the south, as well as to the east and the west. Does 
it suggest that the sediments came from these lands now across 
the sea? Du Toit has suggested that the source of the red jaspers 
in certain S. American conglomerates might have been the in situ 
beds in Africa. Though he has not been able to establish a case, 
the possibility is, perhaps, there. The only supposition this 
suggestion demands for the areas mentioned above is the exis-
tence of large rivers ,like the Amazon and the Ganges, to bring 
down large quantities of debris during the flood season. The 
author submits this as a possible explanation, on the assumption 
of the Drift Hypothesis, for the consideration of geologists work-
ing in the critical areas. 
"Westralian Geosyncline" 
Every one who has worked on the west coast of Australia 
has been struck by the occurrence of Metalegoceras jacksoni in 
the Holmwood Shales of the Irwin Basin. The impression they 
all got is that Metalegoceras jacksoni appear to have been driven 
into the region and then caught by sudden death. The identical 
case of the Productids in the Umaria bed has been mentioned 
earlier. Teichert imagined a warm current moving southward 
in his 'Westralian Geosyncline' (1951: 88). The geosyncline 
suggested by him is open to the south but the author suggests 
that a basin closed to the south, as shown in map. Plate III, is 
more likely to form the death bed of faunas accustomed to more 
open seas. 
The Shire-Zambezi Area 
Though this paper deals with Africa only in a general way, 
it seems necessary to mention the anomalous thickness of the 
sediments in the Shire-Zambezi basin, if for no other reason, 
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then, to call the attention of geologists in that country to seek the 
explanation. The Permian section in this small area is, from 
available descriptions, almost three times the thickness in the 
surrounding areas, and compares with that in the Union, well 
to the south. Yet, all evidence goes to show that this was a 
small non-marine basin more or less cut off from the eugeosyn-
clinal area. The folowing explanations offer themselves to the 
author's mind. 
Admittedly the area is heavily faulted, and it is, consequently 
possible that there has been some repetition of beds that has 
gone undetected. The section is, however, backed by the 
authorities of Mennel and Dixey and if it is accepted as correct, 
it is possible that in this area block faulting occurred pari passu 
with deposition, and caused thick sediments to be deposited. 
But Dixey thinks that the Nyassa-Shire rift started only in Upper 
Jurassic time. If this is correct, some other explanation has to 
be found. 
It should, however, be pointed out that this anomaly is 
independent of the reconstruction of Gondwanaland used in 
this paper, since the basin is cut off from the adjacent parts of 
Tasmania by the 'peninsula' and virtually lies in the heart of 
Africa. Had it not been so cut off from the sea. marine incu: sion 
would, very likely, have taken place. 
Boulders in the Talchir Tillites 
Some of the boulders in the Talchir tillites have occasionally 
been stated to be similar to Vindhyan sandstones. The point 
has been discussed in a previous chapter, and it might be stated 
that this comparison has, perhaps, never been taken beyond the 
observations made on hand specimens. Fermor (1814: 168) 
compared them from memory. The occurrence of garnets in 
the Talchir shales in Singrauli has already been mentioned, 
and if these had been transported from the south, it follows that 
the boulders in the tillites should also have a source in that 
direction. The maroon to brick red quartzite boulders which, 
more than any other type, carry marks of striation in the 
Singrauli tillites. should have a source, then, in South India or 
Australia, even if it is supposed that the granite is of local 
origin. If these cannot be matched with some of the ferru-
ginous qua'rtzites in Cuddapah and Kurnool formations, they 
appear to have no source in South India. Whereas this may be 
due to the fact that the relevant beds have been eroded away, 
they might have been transported all the way from Western 
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Australia or even east Africa. Ferruginous quartzite is a com-
mon rock type in the former of these two areas. 
The local granites in Peninsular India present such an 
infinite variety of types that it would not be impossible to 
match a boulder with some band or the other, yet no detailed 
work appears to have been done. A study of these presents a 
fascinating subject. 
Ocean Currents 
It would be noticed that tillites and occasional glacial 
boulders are far more common on the east coast of Australia 
than in South America, though both the areas were, more cr 
less, equidistant from the main centre of the ice. Apparently 
they go on decreasing as one proceeds north, yet are noticeable 
in the Marine Stage of the Middle Bowen Series of Queensland. 
Recent work on the icebergs off the coast of Greenland indicates 
that they follow certain fairly well defined routes. 
It is imaginable, then, that a current in the Samfrau from 
South America towards Australia was collecting these icebergs 
off the coast of the present South Africa, and was responsible 
for the scattered occurrence of boulders. Teichert (1932: 88) 
has pointed out that fauna of Tethyan affinities was entering 
eastern Australia both from the south and the north. Fauna of 
Salt Range affinities has been found as far away as Bolivia, and 
this current might have been carrying it from the Tethys off the 
west coast of South America to Australia. A counter-clockwise 
current, due to the rotation of the earth, was almost inevitable 
around Gondwanaland, and would explain the movement, both 
in the Tethys-Rockies geosyncline and the Samfrau. Teichert 
has also pointed out that probably a warm current was flowing 
from north to south on the west coast of Australia. A barred 
basin, as suggested in this paper, would, inevitably, have a 
current entering it from the open sea, and moving away from 
the Equator it is likely to be warm, too. Most inland seas to-
day have surface currents entering into them. 
Rainfall and Raniganj Coal 
Enough has been said in the previous chapter to show that 
coal in India is autochthonous. The restricted distribution of 
coal in the Raniganj Coal Measures, however, requires a further 
consideration. While drainage of the land is likely to play an 
important part in the location of rain-forests, both tropical and 
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temperate, they appear to be today more a function of rainfall, 
being restricted to areas which receive over 100 inches in the 
year. Towards the Upper Permian period general desiccation 
was approaching, temperatures were rising and rainfall 
decreasing. It is, therefore, not surprising that Raniganj coal 
seams are more restricted, and decrease rapidly westwards. 
Probably the 100 inches isohyet passed through Raniganj then. 
The "Tasmantis" 
In a recent article Caster (1952) after comparing in detail— 
lithologically, faunally and floraliy—the Devonian formations 
of S. America and S. Africa states (ibid: 124), (the author apo-
logises for quoting extensively from him and later in this sec-
tion from Bryan) that "The present remnants of the 'austral' 
Devonian sediments show every sign of structural interruption 
at the present coast lines. On both sides of the S. Atlantic the 
Devonian epicontinental seas must have extended into the area 
now occupied by deep ocean basin. In S. Africa this means 
a geosynclinal extension westward (? north-westward) of the 
Cape trough ; in S. America the Parana basin epi-sea reached 
far beyond the present continent . . . . the biotas on the two 
sides of the Atlantic share identical ('austral') cratonic ele-
ments, rather than geosynclinal". And again (ibid: 125) "This 
means that the Cape trough did extend over a great distance 
into the present deep Atlantic basin area, to connect with 
eastern Brazil (Piaui) 'boreal' development, which shares some 
striking faunal similarities with Bokkeveld-Witteberg 
These facts leave us with very little alternative other than to 
bridge the S. Atlantic basin with 'continent, In the I. 
Devonian there was no 'S. Atlantic basin' in existence in any 
dimension or condition which would justify applying the modern 
name to it." 
After similarly discussing the Carboniferous and Gondwana 
formations on the opposite sides of the S. Atlantic he adds 
(ibid: 143), "The colossal fact remains that the two sides of the 
ocean are astoundingly similar in over-all sequence both in sedi-
mentation and in flora and fauna. Moreover they require cra-
tonic ligation in order repeatedly to complete the sedimentary 
and general ecological picture." And concludes (ibid: 144-145): 
"To this writer there seems to be no satisfactory manner of 
accounting for the Carboniferous-Rhaetic relations as preserved 
in S. Africa and S. America without intimately connecting their 
history across the S. Atlantic basin. This history requires the 
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absence of oceanic deep where now the basin exists. This 
means restoring a continental cratonic sector between the pre-
sent borderland An Afro-American 'Gondwanaland' 
seems, from the stratigraphic and paleontologic data now avail-
able, to have been a reality. Furthermore, this trans-Atlantic 
ligation seems to have existed far back into the Palaeozoic, so 
far, in fact, as to make any discussion of a S. Atlantic Ocean 
impractical until after the Rhaetic . . . Thereafter, dissimila-
rity rather than linked development seems to be the charac-
teristic of Africa and South America." 
An eastward extension of the Australian continent has, 
similarly, been discussed for several decades, though with this 
difference that in this case the existence of land is only inferred 
and no detailed comparison is, therefore, possible. Thus Clarke, 
as early as 1878 (quoted by Bryan: 1944 ; 48), suggested that a 
former extension of eastern Australia has been lost by subsi-
dence into the Pacific. Schuchert pictured it as "the eastern 
half of the Australasian continent, a land about 1,800 miles east 
and west, and 2,200 miles north and south," and included New 
Zealand, Fiji and Tonga in it. Andrew agreed, but thought it 
was somewhat smaller. Sussmilch and David (1919: 277 ; see 
also Walkom 1918: 102 et. seq.) evidently regarded it as of con-
siderable size and referred to it as "a separate land area . . . . 
which existed to the east of Australian continent at least as far 
back as the beginning of the Devonian period and probably as 
far back as the beginning of Palaeozoic era". They called it 
"Tasmantis", and thought that parts of the present day Queens-
land and New South Wales—the New England plateau— 
originally belonged to this 'lost land'. 
More recently Bryan (ibid.) has reviewed the evidence in 
some detail and some of his observations are particularly inter-
esting. Thus he states (ibid: 47) that, "back beyond the 
Mesozoic era there seems to be little direct evidence either for 
or against the existence of Pacific basin as such" and {ibid: 48) 
"Quite clearly the minor topographic features of the land sur-
face can be traced beneath the Pacific . . . But many major 
geographical features also appear to be truncated at the coast-
line and something far more important than a relatively small 
change in sea-level is indicated . . . Geologically the incom-
pleteness of Australia is even more marked". He agreed with 
Jenson's statement that "the island of New Caledonia is a 
remnant of a once continuous continent, the Melanesian plateau, 
which extended westward to eastern Australia and New Gunea 
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and south perhaps to New Zealand"' and thought that the 
"Brisbane schist was laid down in a mediterranean sea in the 
heart of a great Australasian continent''. 
Summing up the opinions Bryan had quoted, he says, "The 
only points of general agreement in the several interpretations 
of the Mesozoic era appear to be that (1) an eastern extension 
of the Australian continent (either in the shape of a continuous 
mass or a detached archipelago) reached far out into the Pacific 
and (2) at least by the end of the era the various portions of 
Australasia ceased to have any striking unity of geological 
history". He. therefore, concluded, "That a great Australasian 
continent existed immediately to the west of this Line (the 
Marshall Line) from as early as pre-Cambrian times and per-
sisted throughout the Palaeozoic and Mesozoic eras." 
All the authorities quoted above believed that this land mass 
has faulted down. But "there is no evidence in the existing 
gravity data of foundered land bridges in the deep oceanic 
basins, unless these parts of the dense oceanic crust were held 
up out of isostatic equilibrium and foundered to establish iso-
static equilibrium" (Ewing: 1952 ; 90). This opinion has a uni-
versal support from all geophysicists and what is true of narrow' 
land bridges is more forcefully true of vast continental lard 
masses. 
Thus, one is almost obliged to agree with Arthur Holmes 
(1929: 340) when he says, "Clearly it is as difficult to sink con-
tinents as it is to tear them forcibly apart, and in the absence 
of a clear geophysical lead one must choose between the alter-
natives of vertical or lateral displacement on their individual 
merits in relation to other problems. Here continental drift 
has more than one decided advantage." In the reconstruction 
used in this paper, Antarctica is believed to have been this "lost 
land" of Bryan, Schuchert, Sussmilch, David and others. It is 
supposed to have drifted away at the end of the Mesozoic Era 
or very soon after it. Some current postulates do indicate that, 
may be, 'drift' is not as impossible as it was believed to be. 
CHAPTER VIII 
RECONSTRUCTIONS OF GONDWANALAND 
A fairly detailed picture of the palaeogeography of Gond-
wanaland during the late Palaeozoic and the Mesozoic has been 
presented in the preceding pages. Carey's (1951) reconstruction 
of the former giant continent was used throughout, and some 
reasons were given for this preference. It would, however, not 
be altogether out of place to give a brief review of some of the 
main theories dealing with Gondwanaland, and the various 
attempts at reconstruction that have been made since the news 
of tillites, similar to what Blanford had reported from India, 
started pouring in from the three southern continents. 
These reconstructions have taken, as is well known, two dis-
tinct lines, one based on the orthodox concept of the essential 
fixity of the continents, and the other depending on their 
mobility, as suggested by Taylor and Wegener. The problem 
has been discussed on several occasions. An important sym-
posium was held in New York in 1926 and the papers submitted 
on the occasion were later published (Gracht: 1928). Holmes 
wrote a review in Nature (1928: 431-433), and discussed the 
evidence produced very dispassionately, something that appears 
to have been lacking at the meeting itself. Recently a sympo-
sium on the subject was held in England (1950) and some well-
known scientists participated (Ad. Sc. VIII), while in America 
at yet another symposium on "Problems of land connections 
across the South Atlantic" the question was revived and dis-
cussed, though only in a restricted form.* Thus, though consi-
derable interest has been created and great progress has been 
made, its solution has evaded the scientists, and the two schools 
remain as sharply divided as ever before. 
To explain the peculiar distribution of flora and fauna in 
these continents, 'land-bridges' are, by some, envisaged to have 
existed in the past. Fairly wide in the beginning these hypo-
thetical bridges have gradually been reduced to 'slender isth-
mian or island arcs' (Dunbar: 1949 ; 304). Apart from the failure 
of this conception in explaining the occurrence of glaciation 
within the tropics, its very widespread distribution in the 
* Papers submitted to a symposium at Hobart (Australia) in 1956 have juBt 
become available, but the views cannot be incorporated here. 
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Southern Hemisphere, its presence in India to the exclusion 
of the rest of the Northern Hemisphere, and many other points, 
there is the great inherent difficulty of sinking these so-called 
land-bridges. As Holmes (ibid: 432) has pointed out, "If there 
is ocean where there was land, then the former sial of that area 
must now exist somewhere else," also "the only alternative to 
lateral drift is removal of the sial at the base by magmatic 
currents in the substratum, but if this be a possible method of 
sinking land-bridges, then it implies a process capable of trans-
porting continents". It, however, appears difficult to explain 
"the remarkable similarity between S. American and African 
reptilian fauna in the M. Triassic" (Romer: 1952 ; 252) and 
similar cases of other vertebrates, and the entire benthonic 
assemblages. Holland (1944) stressed the case of Mesosaurus 
when he stated that "In Cape Colony there is a thin, band of 
black clay in the Dwyka series and at the same horizon in S. 
America the Irati shale is composed of exactly similar material, 
also forming a thin bed. In each area there are well preserved 
remains of a small primitive, free-swimming reptile, Mesosaurus 
—obviously a delta scavenger—which is not known elsewhere 
in the world. If S. Africa and S. America were always sepa-
rated, as they are now, by an ocean 4,000 miles wide, it is very 
unlikely that the bones of Mesosaurus would be found in both 
areas, and in similar deltaic clays very nearly, if not exactly, of 
the same age." The only point that Holland did not stress in 
the above quotation is the fact that Mesosaurus was incapable 
of crossing deep oceanic stretches. 
It hardly seems necessary to go into great details of the 
difficulties that confront the concept of the fixity of the conti-
nents. These have been pointed out by Wegener, Holmes, Van-
der Gracht, Du Toit, Caster and others, and the reader is referred 
to the works of these eminent scientists. But a point which, it 
appears, did not receive the emphasis it deserved, is indicated 
by the direction of the ice movement as seen on striated plat-
forms. These are marked on map. Figure 3, and it will be 
noted that with the possible exception of India, they are mostly 
from the sea inland. Thus in eastern South Africa this direction 
is from the east and north-east, in Australia and Tasmania it is 
from the south, and in the tiny Falkland Island it is from the 
north (? south). The two striated platforms known from India 
are so far inland that any inference may be drawn about the 
location of the ice-cap. One, however, wonders where the 
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centres of these glaciations were for the other three continents. 
An ice-cap could, undoubtedly, be located on an ocean, but like 
the Arctic cap it would not deposit a tillite. If the Palaeozoic 
glaciation had several ice centres in different oceans, where were 
the glaciers from them collecting the large amount of material 
they have deposited? The continental shelves do not always 
appear to be wide enough to produce a significant quantity of 
tillitic material. 
Then again, why is it that no tillites are known to occur in 
New Zealand ? And from what little is known of Antarctica, 
they do not seem to be present there either, not at least in the 
Beacon Sandstone. Instead, New Zealand had warm, tropical 
climate in Permian time, when the rest of the Southern Hemis-
phere was partly or wholly ice covered (Hornibrook : 1952 ; 25 ; 
also Heather Leed: 1952 ; 26). 
Caster (1952) has emphasized the similarities between 
various formations in Africa and their counter-parts in S. 
America and has pointed out that these could only be explained 
by bringing the two continents together i.e. by accepting a 
westward drift of the latter in respect to the former. If this be 
accepted, the drift of other continents needs no further evi-
dence. Charles Schuchert has pointed out that the central 
Asiatic mountain ranges represent a shortening of the crust by 
about 1,800 miles in a comparatively short period of the earth's 
history. If this be due to the cooling and contraction, why is it 
that the most severe and most extensive contraction took place 
so late in the history of the earth? This contraction in the cir-
cumference will mean a contraction of several hundred miles 
in the radius of the earth resulting, perhaps, in large scale trans-
gressions. There does not seem to be any evidence of this. 
These are some of the arguments advanced by those who 
believe in drift. Though the theory is still referred to a? 
Wegener's, and the basic idea has remained more or less un-
altered, the details have since been worked out more fully, and 
have basically altered many of Wegener's important points. He 
was not only handicapped by lack of information, but was a poor 
advocate of his case. His was, nevertheless, a pioneer's effort, 
correct in principle, but wrong in details. And he put a bit 
too valiant a fight for it. Like Ptolemy's map of the world, or 
the discoverers' picture of Australia or America, it could not but 
be wrong. "As Van der Gracht insists again and again, the 
details of the picture and particularly the mechanical and 
114 AHMAD: PALAEOGEOGRAPHY OF THE GONDWANAS 
physical explanations, will require generations of research" 
(Holmes: ibid.; 433). 
UPPER CARBONIFEROUS 
.fi .GlF 
It will, perhaps, suffice to point out a glaring mistake ki 
Wegener's inap. His Upper Carboniferous map (1924: 6) (Figure 
6 above-dotted areas indicating shallow sea) has no place for the 
deep geosyncline that existed in South Africa at the time, where-
as only a shallow sea covers the eastern part of Australia. Many 
have criticised, and justly so, his climatological studies and the 
positions of his poles and Equator during the different periods. 
And this criticism need not be repeated here. 
The theory was enthusiastically taken up by Du Toit who 
(1927) culminated his years of research with "Our Wandering 
Continents." His work was, undoubtedly, a great advance on 
Wegener's effort, and backed by more accurate information, as 
well as personal knowledge of several continents, he was able, 
effectively, to reply to many of the objections that were tearing 
the 'Origin of Continents and Oceans' to pieces. 
Thus, though based on lines originally suggested by Wegener, 
he brought in many points of detailed similarities between 
Africa and S. America (now restated and added to by Caster 
and others) and greatly enhanced the force and prestige of the 
theory. His was still a pioneering effort, and he never claimed 
that his reconstruction was the last word. Progress in know-
ledge during the last two decades makes a reassessment 
necessary, and it is essential to point out why Du Toit's recons-
truction fails to satisfy. 
Thus, he appears to have a very hazy idea of the extent 
of the Tethys and confuses it with the 'Samfrau' geosyncline. 
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An outstanding example is his statement that "The succession 
in Spiti, India, provides close parallel with that in New South 
Wales" (Du Toit: 1937 ; 68). He has, however, placed the 
former in Tethys and the latter in, the 'Samfrau', and does not 
even explain if these two seas had any direct communication 
between them. His map, Figure 7, in any case, does not 
FIG. 7. 
show any connection on the east. More important than this is 
the fact that the continuation of the 'Samfrau,' for a considera-
ble distance between South Africa and Antarctica runs through 
an area where no known part of the present land areas could 
have ever existed, and a geosyncline cannot be located in such 
a position. This appears to be against the fundamental concep-
tion of a geosyncline which must constantly be fed, and Du Toit 
would certainly not invoke sinking of the land to explain this 
anomaly. 
Again, Du Toit recognised that "The Archaean rocks of India 
and Western Australia are not only similar lithologically, but 
show the same general strike" (ibid: 126), yet he puts them so 
far apart in his assembly that any such resemblance is likely 
to be brushed aside as mere coincidence. That these two 
countries have more identical geological features than the 
general statement above makes out, has been pointed out in the 
preceding pages. Some of these had not been discovered when 
he was writing, and so his prophecy that "any close resemblance 
in the structure of these two lands would hardly be anticipated" 
was doomed from the beginning. More important, however, is 
the fact that Du Toit places N.W. Australia almost in the Tethys, 
which was an eugeosyncline. Western and north-western 
Australia show no evidence of being even close to one, and 
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were, at the most, part of an autogeosyncline, as has been 
suggested earlier. Epeirogenic evidence, thus, does not sup-
port his assembly. 
A similar failure to interpret the evidence correctly is shown 
by his demonstration of the "marvellous parallelism" shown by 
the stratigraphy and orogeny of South America, South Africa 
and Australia. He correctly emphasises that the phenomena 
are highly improbable with those "continents stationed at their 
present distances". But the distance between Australia and 
South Africa has only been slightly reduced in his concept of 
Gondwanaland. Only the 'grain' has been rectified by rotating 
the former. 
Du Toit seems to be, somehow (and this appears surprising), 
undecided about Burma, Indo-China and even China. Though 
he does not include these countries in his maps, passage like 
"During the Upper Silurian, negative movement of the Conti-
nent deepened the main geosyncline of Eastern Australia and 
brought in the sea over Tasmania, past Melbourne to Cobar 
and then by way of Charleville to Chillagoe at least, Dutch New 
Guinea, Burma, China and onwards" (1937: 59) give an im-
pression that he includes them in Gondwanaland (see also 
ibid: 84 ; 126 et seq.). This is untenable. 
Similarly, though he claimed (ibid:75) that "One of the 
chief merits of Displacement Hypothesis lies in its professed 
ability to explain the present day distribution of such palaeo-
zoic glacial remains," the absence of glacial remains from 
the New Zealand Permian beds and from the Beacon Sand-
stones in Antarctica, as has been pointed out earlier, forms 
weighty argument against his reconstruction. This absence is 
easily explained on the reconstruction used here (Figure 3). 
One could point many more similar anomalies and weak-
nesses in his reconstruction and in his description but that 
would be going beyond the limits set here. The capital argu-
ment in this paper has been the isopach map and epeirogeny, 
and his assembly should be tested on this touchstone. 
He places Peninsular India against Kaiser Wilhelm II Land, 
Tasmania agaifst Victoria Land and South Africa closest to 
Louis Philippe Land. This would presume that Gondwana for-
mation exists over almost the entire Antarctica. So little is 
known about the geology of that continent that any such sup-
position cannot be classed as wild, yet the available evidence 
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goes to show the existence of the formation only from Adelie 
Land and the adjacent area. Scott's Antarctic Expedition found 
Glossopteris within 5° of the Pole and one may, at the most, 
suppose a belt running from Adelie Land to about the Pole. In 
Figure 10 (ibid: 20) of his book he shows this distribution 
himself. To support its existence, now or in the past, over at 
least Coatsland and Kaiser Wilhelm II Land would hardly be 
justifiable. He has not given a map of the Permian Period, 
which is the most important for the purpose of discussion of 
this subject, but his Figure 12 (ibid:90) shows the land-forms 
in Jurassic and Cretaceous Periods. Fig. 10 is an attempt to place 
the cratons and basins shown in Plate III on Du Toit's assembly 
of Gondwanaland. A comparison with Plates III and IV would 
show that this reconstruction is not supported by available evi-
dence as to the character of the basins. Comparison of his 
Figure 12 with Plates V, VI, VII. VIII and IX shows the same for 
the Mesozoic Era. 
Earlier it has been pointed out that these similarities in the 
forms of the basins on the opposite coasts of continents 
are a strong argument in favour of the reconstruction used 
here. These are lost on any other reconstruction; of Gond-
wanaland, and these very similarities appear to be merely 
accidental. A single such feature could be explained as due to 
similarity in the conditions of deposition, but with their mul-
tiplicity, the odds against this possibility mount, and point to 
the contiguity of these land areas in the past ages. Du Toit 
himself pointed out (1927: 118) that "geological evidence almost 
entirely must decide the probability of this hypothesis for those 
arguments based upon zoo-distribution are incompetent to do 
so . 
Recent work in S. America, however, demonstrates that 
Argentine had closer faunal, floral and even climatic affinities, 
at least from Carboniferous to Rhaetic, with parts of Eastern 
Australia than even with S. Africa (Caster: 1952 ; 125 and 137). 
This tempts one to bring east Australia nearer to S. America 
than it is, perhaps, even in Carey's reconstruction used 
here. But on Du Toit's Gondwanaland map these continents 
are so far apart that the affinities cannot satisfactorily be 
accounted for. Time and again Du Toit appears to be suggest-
ing that Australia and Africa should be closer together, but 
confronted with his own map he seems to recede. Thus he 
mentions that "no marine strata of age between Devonian and 
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Lower Triassic have yet been found on either side of the mid-
sections of Africa and Peninsular India or on the southern side 
of Australia"' (1937: 58). but he does not give due importance 
to the fact in his reconstruction. 
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Joyce's (1951) reconstruction (Figure 8) in interesting in so 
far as he, apparently independently, arrived at the conclusion 
that the loops of the Scotia need straightening out. a point that 
had been made by Carey earlier in his address at the Pan-Indian 
Ocean Science Congress. Joyce recognised that East and West 
Antarctica were separate blocks and may still be separated 
when he pointed out that "the possibility of a passage existing 
between the two seas (Ross and Weddell) still cannot be ruled 
out" (ibid: 84). And his details of the structure of S. American-
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West Antarctican part of Gondwanaland are very informative. 
Otherwise his reconstruction does not appear to be satisfactory. 
A significant flaw concerns India. The Baluchistan Orocline is 
very much like the Scotia 'loops' and should similarly be opened 
out. But instead he has added to it by rotating India in an anti-
clockwise direction. By doing this, moreover, he placed W. India 
against W. Australia, and so far as the knowledge goes, they have 
very little in common. His placing of East Antarctica is very 
similar to that of Du Toit and open to question. Further, it is 
not clear why he wants the Scotia arc itself to be 'somewhat 
sinusoidal' and does not open it fully and attempt alternative 
reconstructions. 
His paper, however, is very informative and his comparison 
of the Precordillera, Central Cordillera and Hinterland a notable 
addition to knowledge. 
King (1951) offered a reconstruction (Figure 8) professedly 
to remove certain small discrepancies in Du Toit's reconstruc-
tion. He, accordingly, thought that "Antarctica . . . should be 
brought towards S. Africa and rotated slightly, thus somewhat 
shortening and straightening both the Palaeozoic Samfrau 
geosyncline and the belt of Tertiary folding." His demons-
tration of the Nigerian rift is exceedingly interesting, but most 
of the other evidence he has produced is rather speculative. 
Thus to match the Black Rock Mts. from Crown Prince Martha 
Land with those of Drakensberg volcanics merely on the evi-
dence of whalers' distant sighting of the former is not scientific 
procedure. Moreover, his contention that part of the Indian 
Ocean is original sea, ignores the significance of the Java-New 
Guinea trough. The position of India on his map also seems to 
be erroneous, for the Tethys appears to abut against W. Austra-
lia on one side and Arabia on the other, and its continuation is 
lost. Tethys was the dominating feature then, and its signi-
ficance is not at all recognised in his reconstruction. He has not 
opened the Scotia arc and, like Du Toit, retains East and West 
Antarctica together. 
The assembly is otherwise so similar to that of Du Toit that 
what has been said earlier against the latter's reconstruction 
applies to this too, and consequently does not seem to be 
suitable. 
More recently Carey (1954) has offered a new reconstruction 
after a detailed study of Oroclines from all over the world (see 
Figure 9). Its details are not available at the time of writing 
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this review, and the paper has, apparently, not yet been pub-
lished. But this new map of Gondwanaland is almost identical 
with that of Du Toit.* What has, therefore, been said against 
Du Toit's reconstruction also applies generally to this, parti-
cularly the absence of glacial deposits from the known Carboni-
ferous and Permian formations of New Zealand and also, per-
haps, from Antarctica. Moreover, the significance of such 
occurrences as of sedimentary diamonds associated with double 
glaciation in Western Australia and Peninsular India, of oil 
snale in the Permian beds of East Australia and S. Africa, of 
glistening sandstones in the Triassic formations of the same 
area and of the same horizon, of stichtite m Tasmania and m 
the Barberton district of-S. Africa, of charnockite-associated-
with-khondalite, etc., is lost if Antarctica intervenes between 
East Africa and Australia. The close similarities in the Per-
mian fauna from W. Australia and Umaria (India), as suggested 
recently by Thomas, lends support to the assembly used in this 
paper. 
The major contribution that this map makes is the emphasis 
on the "orogemc girdle" of Gondwanaland, and while this JS 
certainly very interesting, a reconstruction cannot be supported 
on this basis alone In any case, \\ was preserved on his earlier 
reconstruction as well. 
Recently, Rode (1953 A) has advanced the theory of "sheet 
movements" and he aims to explain the origin of continents 
"which originally weie closely packed like playing cards piled 
up together withm the region of Central Asia." The mechanism 
he suggests is best explained in his own words (ibid • 15-1G) 
"When the subcrustal magma is molten and under gieat 
gravitative pressure of the overlying continental mass, it is 
invested with great intrusive force. It breaks through thick 
sheets of overlying rock masses through cracks, fissures and 
bedding planes separating them into a number of sheet blocks. 
These are carried bodily from regions of high gravitational 
potential to regions of low potential and a temporary equili-
brium is set up." A repetition of the process is envisaged to 
split up these sheets into newer sheets, which then move off, 
and this process has gone on. 
He deals in detail with three specific examples, two of these 
from India. With parts of these Indian areas the author is very 
familiar, and they will be discussed here in some detail The 
great difficulty with Rode, however, is that he does not give the 
source of his information and the reader is left to wonder if it 
* Carey has since abandoned this as well. 
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is original. The drawback stands in the way of a proper ap-
praisal of his theory, particularly when his statements differ 
from published literature. 
Rode bases his case by quoting the supposed "identical" 
formations from Satpura and Rewa Sheets. But the section 
quoted on page 4 is not correct in so far as the Iron Stone Shales 
do not occur anywhere outside the Raniganj Coalfield, and it 
was because of this that the term 'Barren Measures' was intro-
duced for the same formations. Even the Barren Measures 
are not distinguishable west of Karanpura Coalfield, and else-
where in the Son-Damodar Valley the Raniganj Coal Measures 
are supposed to directly overlie the Barakar Coal Measures. 
Moreover, the published literature indicates that the beds 
above the Barakar Coal Measures in S. Rewa Coalfields have 
not yet been classified and are still grouped as 'Supra-Barakars'. 
Hughes, who originally mapped the area, introduced the term 
and Gee (1928) retained it when he re-surveyed a part of it. A 
party from the Palaeobotanical Section of the Geological Survey 
of India has been working at the problem for the last few years 
and has not yet succeeded in producing a finalized picture. 
Rode's section is, therefore, all the more surprising, and reads 
like the composite "Standard" succession of the Gondwana 
System in Peninsular India, given by Fox (see Table III above). 
More important is the fact that the total thickness of the 
Permian beds in the Satpura area appears to be several times 
more than that in the Rewa area, and thus the intimate corres-
pondence made out by Rode is contradicted by the principles 
of epeirogeny. 
Then, he gives (ibid: 5) a table of "structural correspond-
ence" but again quotes the stratigraphy given on page 4, only 
splitting up some parts of it and grouping others. Thus, he 
does not indicate why the Barakar beds of Sarguja and Sanhat 
should be treated separately and in what respect they corres-
pond to the Barakar beds of Pench-Kanhan and Mohpani res-
pectively. The same is true of the upper Gondwana beds of 
Chand Bhakar and Sagali Palamau as against those of Narbada 
Valley and Jabalpur, and also of the Talchir Series. Nowhere 
does this table bring out structural features unless these be 
in the "arcuate trap dikes and sills". 
He points out (ibid: 6) that the "agency of this spectacular 
sheet movement appears to be no other than the subcrustal 
magmatic activity which gave rise to the Deccan Trap" and 
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(ibid: 13) "It is possible that this magmatic activity started 
its intrusive phases in the Lower Gondwana period in very res-
tricted proportion. It, however, gradually gained momentum 
and in the Tertiary period it flooded vast areas leading to exten-
sive rifting, fragmentation and sheet movements." But then 
he adds "India thus appears to have acquired its present con-
figuration both in the Peninsular and Extra-Peninsular region.*, 
in the post-Mesozoic period and more paiticuiarly in the Pliocene 
and Pleistocene period through extensive sheet movements/ ' 
The implied meaning appeals to be that the Deccan Trap acti-
vity was ol P.iocene-Pleistocene age, whereas the accepted 
opinion in the country regaids it as of Cretaceous to Palaeocene 
age. Rode, however, gives no reason to justify this sweeping 
change in age interpretation of the Deccan Trap. Similarly he 
(ibid: 11) alters the age of the Panjal Volcanics of Kashmir, 
and the Mandi (and Kheora) traps to match with the Tertiary 
volcanics of the Indus Basin in Ladakh. Panjal Volcanics are 
generally considered to be Carboniferous to Triassic in age, 
though they could belong to the Deccan Trap period. 
Similarly, he points out (ibid.) that, ''The Jurassic of western 
Salt Range between Chidru and Kalabagh just coincide with the 
Jurassic formations of Spiti." A reference to the relevant sec-
tions in Chapter V above (pp. 56-7) will, however, indicate that 
this is far from being the case. They differ in thickness, l i thj-
logy and stratigraphy, and indicate very different epeirogenic 
and environmental conditions. 
The points raised above, though by no means exhaustive, are 
of detail and are exceedingly important since the theory is based 
on these very supposed similarities, yet the most inexplicable 
part of the thesis is the basic idea of this 'sheet movement'. 
He does not explain how from below the moving sheet there 
appeared formations "identical" with those that existed above 
it. Wegener's comparison, between two pieces of a 'torn news-
paper' was understandable, but the occurrence of identical for-
mations—with included fauna and flora—piled one on top of 
another in several layers, is just incomprehensible. But Rode 
shows it in his Figure IX. Thus S. America. Africa, N. America, 
Australia, etc., were piled one on top of another in the Central 
Asian region, and have since drifted away as 'sheets'. He does 
not even indicate what foundation the comparatively thin S. 
American sheet, for example, found when it left the African 
sheet below, and drifted away into the oceanic regions. He 
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does not discuss what the relations of the sial and sima were 
when all the present sialic layers were lying in a big heap. One 
wonders as to how the African-S. American block managed to 
cross the Himalayan Ranges which were already becoming 
formidable in the late Tertiary period (or was it earlier?) and 
how they travelled across the Tethys, the existence of which he 
admits, and why S. America floated so far in the present Atlantic 
Ocean and did not settle down to the west of Africa. He does 
not say how the problems of palaeoclimatology are affected by 
liis hypothesis. 
But the most surprising part of the theory comes from the 
sister volume (1953 B) where he states (ibid: 8-9) "The conti-
nental Tertiary Siwalik formation evidently marks the different 
stages in the evolutiofi of the Himalayas and may thus be con-
sidered as tectonic sediments. Do the Talchirs, Barren 
Measures, Moturs, Kamthis and Upper Gondwanas also represent 
similar tectonic sediments though of earlier age? The coinci-
dences are remarkable." Indian geologists will certainly not 
accept that all conglomerates, tillites and agglomerates known 
from the country are of the nature of tectonic sediments formed 
by moving sheets. 
Thus Rode's hypothesis is neither supported by facts of field 
geology nor by weighty theoretical consideration, some of 
i 
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which have been mentioned above. It, in fact, cuts across many 
basic principles of geology. 
It was not the purpose of this chapter to go into the details 
of the various reconstructions or to offer criticisms of the 
different schools of thought and theories, but only to point out 
why Carey's (1951) assembly appeared better. If the technique 
employed ih this paper is correct—it is in general the same 
as used by Eardley (1951) for the palaeogeographic maps of N. 
America, and it has been widely employed in the American oil-
fields—this argument alone seems to be strong enough to hold 
the reconstruction on its own. Put the continents in any other 
position and the basins on opposite sides would not be similar 
in character and would fail to make sense. 
The only difficulty that the author can see in Carey's re-
construction is that the movements of East and West 
Antarctica appear to be rather complicated. This study also 
suggests that, perhaps, Australia as well as India should be 
shifted further to the 'south', so that east Australia gets nearer 
to Argentine. 
CHAPTER IX 
CONCLUSIONS 
This paper sets out to study the palaeogeography of Gfond-
wanaland for the Gondwana Period by drawing isopach form-
lines to elucidate the forms of the basins and cratonic areas. 
The technique is modern, though not new. Isopachs have been 
used for over two decades, to indicate the form of the basin. 
Yet it has here been admitted that the maps presented here 
are not the last Word in themselves. As work proceeds in all 
these areas, and more authentic measured sections and exact 
correlations are available, changes would be desirable in the 
forms of basins. Such information would, however, generally 
go to add to the details, and is not very likely to change 
materially the general form of the basins. 
More has been said about the Indian Gondwana System, and 
the author has, generally, been critical of the views held there-
This, certainly, is not because 'familiarity breeds contempt'. 
If this leads the Indian Survey, to which incidentally the 
author also belongs, to re-examine critically the available evi-
dence, a good part of the purpose will be served. Controversy 
is the life blood of scientific progress. 
It has been demonstrated that the Gondwana System in India 
was not deposited in long, narrow faulted valleys or freshwater 
lakes, but the author agrees with Gee, Jowett and a few others 
that these areas were originally much more extensive and that 
their preservation is due to subsequent faulting. That their 
concept was not based on well founded scientific arguments and 
not backed by substantial field evidence, is indicated by the fact 
that they failed to convince Fox and others, who formulated the 
theory. The fact that the thickness of the sediments does not. 
in any area, show any sign of decreasing towards the east, has 
been taken here to mean that the deposition was not in fresh-
water lakes either. Fox, however, appears to have taken Blan-
ford's words as gospel. The conclusion here drawn is based 
essentially on the evidence of lithological characters and other 
field evidence, some of it original, and the isopach maps con-
firm this. Sufficient evidence has been produced to show that 
the sediments bear none of the features one would expect from 
a contemporaneously faulted basin, and Fox's surmise was due 
to misinterpretation of the data. Apparently the basin was 
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merely sagging, yet the possibility of some minor faults having 
occurred contemporaneously is not denied. The evidence about 
the type of the geosynclines is interpreted in terms of modern 
terminology. 
The cause of the extensive faulting has been suggested by 
Carey, and agreeing with him, the author fixes the age as 
from Middle to Upper Cretaceous for which there is some field 
evidence. It probably continued well into the Tertiary period. 
It is remarkable that in Carey's reconstruction of Gondwana-
land the faulting appears to continue from India into Australia 
without any major change in direction, and that in Africa, too, 
seems to have been affected by his "Baluchistan Orocline". Dixey 
(1938: 56) assigns an "Uppermost Jurassic to early Cretaceous" 
age to the Nyasa-Shire Rift. Professor Hills (Personal Commu-
nication) considers that the faulting in Western Australia, too, is 
largely Cretaceous in age. 
Though it has only a little bearing on the subject under 
consideration here, the author finds no reason to subscribe to 
the view generally held in India that Peninsular India has 
not been subjected to any major uplift since Precambrian 
times. On the other hand, there is good reason to believe that 
the Vindhyan Ranges, as seen today, were uplifted only in the 
post-Permian period. They are not at all folded and can 
hardly be classed as a mountain system, in the strict sense 
of the word. The trend of the isopachs suggests that deposi-
tion was going on there during the Damuda Period, and there 
is no evidence to the contrary. Aravallis, too, were apparently 
submerged during the Jurassic and Cretaceous Periods, though 
the evidence is not very definite on the point. 
Fox's theory about the allochthonous origin of the Indian 
coal is categorically refuted. Though it is admitted that thin, 
impure seams may be formed of drift wood, it is not believed 
possible for the thick Indian seams to have been so formed. 
This is in agreement with the views of the leading authorities 
ofii the origin of coal today. Similarly, the author has shown 
that the Umaria Marine Bed had a more natural likely connec-
tion to the south-east, rather than to the north as suggested 
by Fermor, and agreed to by Fox. This has received strong 
support from the recent discovery of a new locality, about 90 
miles to the E.S.E., of marine fossils from the Talchir beds. 
Presumably marine beds were extensively deposited in the 
south-eastern area and passed by inter-tongning into fresh-
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water deposits in India on the west and perhaps also in 
Australia on the east, these being yet unexplored. The condi-
tions prevailing are supposed to be similar to those of the type 
Permian in Perm and to the Phosphoria formation in America. 
The north coast of Sumatra and the Digul-Fly Basin of south 
New Guinea are supposed to be the modern examples of th/. 
type of boundary between fresh water and marine depositr 
It is supposed that the Umaria Bed is a remnant of these 
tongues, preserved by not being exposed, like the area to the 
south-east, during the Triassic Period. 
The entire evidence goes to suggest that all the southern 
continents were together till at least the Jurassic Period. There 
is reason to believe that at about the close of that period 
South America started to drift westward from Africa, while 
India-Australia and perhaps also Antarctica started their east-
ward journey, hand in hand. Till the end of the Cretaceous 
they had, apparently, not separated, or at least the separation 
was not effectively felt. But soon after the three appear to 
have parted. 
Du Toit's reconstruction has been discussed in some details, 
and some of its weak points have been brought out. It is 
shown that no other assembly of this fascinatifg land will fit 
together with the isopach maps presented here. A fairly con-
vincing prima facie case is made out for Carey's reconstruction 
of Gondwana land as used in this paper. The similarities in 
the basins on the opposite sides, the associations of similar 
rock types and minerals in the basement complex, the occur-
rence of identical Cretaceous fauna, etc., all go to show that 
Australia was much closer to India, and both were closer to 
Africa, than they are today. Many of the problems that had 
puzzled the geologists for decades resolve almost by themselves 
on this new map. The absence of the vertebrates and freshwater 
fossils from the Indian Lower Gondwana beds has a very simple 
explanation. The more or less complete disappearance of the 
Lower Carboniferous flora has a more reasonable explanation 
than that suggested by Du Toit. A very thought-provoking 
inference concerns the age of the Dwyka Series. It is suggested 
that their top is somewhat younger than the tillites in the Upper 
Marine Series of New South Wales, and slightly younger than 
even the Woodbridge Formation of Tasmania. It is. consequent-
ly much younger than the Talchir Series of India. In many other 
features this reconstruction appears to offer the only plausible 
solution. 
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Plate IV gives the names suggested for the land areas and 
basins for the Permian Period which this study has brought out. 
Some of these names have been used by earlier authors, while 
others are being introduced now. Many of these basins, islands, 
and peninsulas can be recognised in the Mesozoic Era as well. 
Further study may reveal that they were present in the earlier 
period as well. 
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ABSTRACT 
The stratigraphic and palaeontologio record of the Permian System in Gondwanaland is 
examined, particular stress being laid on points that have a bearing on the age of the basal tillites. 
I t is believed that the term Olossopteris flora has been rather loosely used in the past and the 
austral Permian flora is, herein, described as the Gangoymopteris flora in the Lower Permian, 
and the Olossopteris flora in the Middle and the Upper Permian. I t is believed that the ap-
pearance, predominance, decline and finally the disappearance of the former genus, as a whole, 
are more important indicators of age than the presence or absence of any one genus or species. 
Apparent 'holdovers' of northern affinities are of no importance. 
The various possibilities under which glaciation could have occurred in such widespread 
areas are discussed and it is pointed out that drift provides a reasonable working hypothesis. 
Anomalies in palaeontological, stratigraphic and glacial records are then sought and it is suggested 
that the only explanation is that glaciation was not simultaneous in all the areas, and there was 
considerable time-lag between refrigeration in one area and another. I t , presumably, started 
in the ' Permo-Carboniferous' in Eastern Australia, and might have ended in the upper Middle 
Permian in South Africa, and, maybe, somewhat later in Tasmania. 
I t is suggested that the Permian Period ended with the Upper Coal Measures in New South 
Wales, the Raniganj Coal Measures in Peninsular India, the Lower Estrada Nova beds (of Op-
penheim) in Brazil and the Ecca Series of South Africa. 
The evidence leads to the conclusion that there, apparently, was no ice age, and instead the 
Gondwanaland continent itself was drifting on the South Pole before it started splitting up. 
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To anyone who has given this, perhaps one of the most fascinating 
problems in geological science today, its due share of careful consideration, it 
would be apparent that the most irrefutable argument in the armour of the 
uncompromising 'driftist' is the Permian glaciation of Gondwanaland. Even 
Coleman, that most uncompromising 'anti-driftist' himself, was forced to 
admit, though very reluctantly, that many problems connected with glaciation 
resolve themselves if drift has really taken place. 
The age of the glaciation is universally regarded as lowest Permian— 
even though the Indian geologists continue to use the bogey term 'Permo-
Carboniferous'—and glaciation is considered to have been simultaneous in 
all the continents from where the tillites are known. The absence of any 
signs of extensive glaciation in the northern hemisphere, and the possibility of 
warm climate having existed in the Lower or Middle Permian of New Zea-
land, however, pose questions which necessitate a reappraisal of the available 
evidence. Indeed, recent advances in knowledge make a reassessment essen-
tial. The following review is, therefore, none too early. 
The necessity for this paper arose out of a comment by Prof. Kenneth E. 
Caster of the University of Cincinnati, in the course of a private communi-
cation, on a paper entitled 'Glaciation and Gondwanaland', by the senior 
author. Prof. Caster remarked that 'if you can prove your point, you will 
have made an important contribution to the documentation of Gondwana 
18 F. AHMAD & X. AHMAD: THE AGE OF THE GONDWANA GLACIATION 
geology'. This was taken as a suggestion for a more detailed examination 
of evidence bearing on the age of the Gondwana glaciation than had been 
possible in the above-mentioned paper, and the results are presented herein. 
The above paper, originally presented to the Pan-Indian Ocean Science Con-
gress, Perth (1953), has been published in the Records of the Geological Survey 
of India, Vol. 86, part 4 (Ahmad 1960). 
PREVIOUS LITERATURE 
Perhaps the earliest reference to the age of the Gondwana beds, as may be 
expected, appears in the Indian literature where Feistmantel, on examining 
the plant fossils from Peninsular India, opined that they were of Mesozoic age. 
In this he later received ample support from some of the foremost palaeo-
botanists of the time, including McCoy and De Zingo, Saporta and Schimper, 
Carruthers and Bunbury and others. Very soon, however, the discovery of 
similar plants, associated with marine fossils from the Salt Range, obliged 
Feistmantel and others to revise their opinion. The general opinion, guided 
by the age determination of marine fossils by some of the most prominent 
Continental palaeontologists of the time, including Noetling, Koken and 
others, soon crystallized that the glaciation was 'Permo-Carboniferous' in age. 
The idea, apparently, was that it was partly Carboniferous and partly Permian, 
or else that the beds were lying on the boundary between the two geological 
ages and could not be assigned to either of them in their entirety. 
By about this time glacial deposits were also reported from the other 
three southern continents and were promptly assigned a 'Permo-Carboniferous' 
age. A world-wide refrigeration was, consequently, envisaged. 
David White (1908), on examining the flora from South America, how-
ever, thought that it was, perhaps, Upper Permian; but the real challenge to 
the age assignment came from Schuchert (1928 and 1935) who published two 
excellent summaries of the world Permian geology and came to the conclusion 
that the glaciation was 'Upper Middle Permian' in age. For many geologists 
in the countries concerned this was, apparently, entirely unacceptable, and 
David and Sussmilch (1933), Walkom (1944), Du Toit (1933) and Fox (1931) 
and others vigorously questioned his findings and conclusions. 
Gradually, thereafter, it came to be settled, based on the age deduced 
from the ammonites found in Australia, that the basal tillite everywhere 
was Lower Permian in age, though occasionally it resulted in perplexities 
and confusions. At times, it appears, palaeontological evidence and the 
evolutionary stage of the fossils preserved and even incontrovertible strati-
graphical evidence were summarily brushed aside to adjust the geological 
columns to the above age assignment by earlier stalwarts. A notable example 
of this is the presumption by Oppenheim (1935) of a hiatus, though none 
is seen in the field above the Lower Estrada Nova beds in Brazil. These 
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views, however, did not take into account the real implications of the fact 
that glacial deposits occur throughout the entire section of the Permian 
System in Tasmania, though they appear to be absent from the equivalent 
horizons in Falkland Islands, which are about 10° nearer to the Pole. 
Schuchert (1928), even though he had suggested an upper Middle Permian 
age for the glaciation, harboured some doubts about the perfect equivalence of 
the age of the tillite when he pointed out (p. 793): ' I t does not appear from 
the inherent evidence of the tillites of the southern hemisphere that they are 
exactly of the same age, or that one or the other is older or younger.' Op-
penheim (1935, p. 1735) was openly critical of the opinion treating all tillites 
as contemporaneous when he said that 'several geologists admit a certain 
contemporaneity between the Dwykas of Africa, Talchir of India, and Itarare 
of Brazil on the one hand and the glaciation of Australia, Tasmania and 
Western Argentina on the other. However, confirmatory evidence is lacking, 
and in the writer's opinion the relationship is doubtful, and can be sought 
only in the correlation of the probable centres of glaciation. The centres are 
apparently common for the sediments north of latitude 38°, embracing the 
areas of South Africa and South America; other centres should be assumed 
for areas south of this latitude and for other continents'. Even Du Toit 
(1929a, p. 99) appears to have been in some doubt about the perfect contem-
poraneity of all the glacial beds of Gondwanaland and pointed out that ' The 
evidence does not lend support to the view that the whole of it was covered 
at any one instant' (see also Du Toit 1948, p. 117). Elsewhere he considered 
that the Indian tillites might have been somewhat younger than those of 
South Africa. King (1958, pp. 56-57) appears to believe that glaciation 
started somewhere in Western Argentina in the early Carboniferous times 
and extended therefrom to cover South Africa, India, Antarctica and Eastern 
Australia. The Lower Carboniferous glacials of Eastern Australia do not, 
however, seem to find a place in this interpretation. 
Ahmad (1960, 1961) has, on the other hand, taken into consideration 
the effect of continental drift, and has, accordingly, suggested that 
either there was a single extensive ice cap covering the entire, or almost 
the entire, Gondwanaland, or else the continent itself was drifting all the time. 
In the former case, the ice cap, on the Carey's 1951 assembly Ahmad used, could 
have been approximately oval in shape. With its centre over Madagascar, 
such an ice cap might have covered the entire area from which the glacial 
records have been reported. As it dissipated, it could have taken the de-
position of the tillite nearer and nearer to the centre, ending finally in the 
Upper Permian times in Tasmania. In the latter case, the drift of the conti-
nent in a more or less regular clockwise direction brought different parts of 
the land at different times under the polar ice cap, which need not have been 
any bigger than the present Antarctic ice cap. Both these possibilities 
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distinctly envisage that the tillites, as known today, are of different ages 
in the various continents, and even in different parts of the same continent. 
A brief analysis of the evidence was given, but a detailed appraisal was evi-
dently called for, and the present paper sets out to supply the deficiency. 
Several interesting papers on the geology of South American countries 
have appeared in the past few years and a significant addition to the knowledge 
about that continent was provided by the ' Handbook of South American 
Geology', published by the Geological Society of America. Older papers, 
however, retain their interest and have frequently been referred to. Bond's 
paper (1955) on the Madumabisa Shales, Thomas's (1954) correlation of the 
Umaria fauna, Romer's (1950) textbook of Vertebrate Palaeontology, and 
Caster's (1952) masterly analysis of the South American faunal affinities have 
all yielded valuable data for the correlation of the beds. 
Recent advances in the field of palaeomagnetism have indeed very much 
revived interest in Continental Drift and the conclusions by Runcorn and 
Irving have been referred to in the passing; but for any student of the origin of 
oceans and continents their work is much more than of passing interest. 
STRATIGRAPHY 
A general review of the stratigraphy of the five major constituents of 
Gondwanaland is called for, and the following account is, by no means, an 
exhaustive treatment of this vast subject. With a limited objective it lays 
stress on relevant points only. The discussion is, moreover, confined to the 
Gondwana and equivalent formations, and ends with the end of the Permian 
Period. 
The only part of Gondwanaland where the Permian succession is indis-
putably complete is Eastern Australia. It is both over- and underlain by con-
formable beds, is fairly rich in plant and invertebrate fossils, and is not only 
easily studied, but has been examined in fair detail. It is, therefore, appro-
priate to begin the discussion with the Australian equivalent of the Gondwana 
formation, and what a pity it is that the geologists in that country have 
abandoned the convenient name lately used for it, the Kamilaroi System. 
Australia 
The Gondwana deposits of Australia are found in two distinct provinces, 
often referred to as the Eastern and Western Australia. These will here be 
taken up in that order. 
Eastern Australia 
The succession in the Hunter Valley is the most important in this province 
and is subdivided as below: 
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TABLE I 
4. Upper (New Castle) Coal Measures 4,500 feet 
3. Upper Marine Group 6,400 feet 
2. Lower (Greta) Coal Measures 300 feet 
1. Lower Marine Group 5,895 feet 
17,095 feet 
The system conformably overlies the Carboniferous System and glacia-
tion appeared very early in the latter. It continued intermittently till the 
end of the Upper Marine Group time. In fact, the boundary between the 
Permian and the Carboniferous formations has been only arbitrarily fixed 
where Eurydesma hobartense makes its first appearance in the glaciogene 
beds. About 3,000 feet above this appears E. cordatum in another period of 
refrigeration. In between these two horizons, and about 1,280 feet above 
the base, is a bed containing drift-specimens of Gangamopteris. 
Five different species of Gangamopteris, and as many as twenty-six 
different species of Glossopteris, have been recorded from Eastern Australia. 
Though Walkom (1944, p. 7) and Voisey (1952, p. 53) are agreed that it is 
not possible to distinguish between the floras of the Upper and the Lower 
Coal Measures, David and Browne (1950, p. 376) point out that Brachyphyllum 
and Schizoneura and perhaps, also, (?) Caulopteris appear to be restricted to 
the upper beds. The fauna of the two marine groups is also practically in-
distinguishable (Voisey 1952, see also Walkom 1929, p. 166). These facts 
suggest very definitely that the two marine formations were not separated 
by a wide gap of time, and this might equally be true of the two coal measures. 
The only conclusion that this leads to is that, although the Upper Marine 
Group is a rather thick sequence, the commencement of the deposition of the 
Upper Coal Measures was not far removed in time from the end of the Lower 
Coal Measures. It, then, seems reasonable to place the three lower series in 
the Lower Permian, and presume that a considerably slower rate of sedimenta-
tion allowed the Upper Coal Measures to continue to the end of the Permian 
Period. It might even have commenced a little before the end of the Lower 
Permian times. The Tasman Geosyncline, which had the character of a 
typical eugeosyncline for a long time, might have started dying out or might 
have shifted eastwards from the present Australian landmass, and this slower 
rate of sedimentation could be a reflection of the change in the character of 
the basin in the second half of the Permian Period. 
It, however, appears that even though no new species appeared in the 
Upper Coal Measures, the over-all composition of the flora was, apparently, 
very different and there was a significant change in the ratio of the Glossopteris 
and Gangamopteris plants present. Thus, Schuchert (1928, pp. 866-886) has 
pointed out that in the Upper Permian beds the former genus predominates 
over the latter, whereas the opposite is the case in the Greta Coal Measures. 
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Walkom> (1929, p. 163) points out that ' Gangamopteris reaches its maximum 
development in the lower series of Coal Measures'. It would be pointed 
out later that this fact is of particular interest. 
Gangamopteris, moreover, has not, so far, been reported from the area 
north of Clermont in Queensland nor from the Desert Basin in Western Aus-
tralia. Teichert (1943) drew attention to this and suggested that the distri-
bution was, apparently, controlled by climatic zones dependent upon latitude. 
Ahmad (1961) has, on the other hand, drawn attention to its presence 
within the tropics in other countries, and has accordingly suggested that 
ecological factors, other than temperature or latitude, might have been more 
important. In the Desert Basin the deposits are mostly marine and estuarine, 
and its absence might only have been fortuitous or due to the absence of 
freshwater deposits. The ecological conditions favouring a flourishing 
existence of the genus are referred to later. 
It is also significant that although eight or nine advances of ice front 
have been recorded in Kew South Wales beds, and almost the entire Permian 
succession in Tasmania shows signs of glaciation, none of the later refri-
gerations appear to have affected the Western Australian succession, where, 
too, almost the entire succession is represented (Thomas and Dickins 1954). 
In all the four main basins in Western Australia a basal tillite is overlain by 
freshwater and marine sediments. The fauna preserved shows close affinities 
with the fauna in the Talchir Tillites in Peninsular India (Thomas 1954) 
in its lower part and has equally close affinities with the Salt Range Productus 
Limestone fauna in the upper part. Since a warm climatic condition has often 
been surmised for this Salt Range fauna, in which corals flourished, similar 
must have been the setting in Western Australia. This would, naturally, 
suggest that the change from the glacial conditions must have been very 
rapid. If this conclusion is found to be acceptable the position becomes 
extremely anomalous. It is an accepted principle that when marine fossils 
occur in glacial beds the existence of ground ice brooks no doubt, and topo-
graphy as the main cause of glaciation is automatically ruled out. Yet, in the 
same latitude in Australia the climate appears to have been frigid on the 
east coast and warm, maybe even tropical, on the west coast, and no juggling 
of the sea currents or prevailing winds would be sufficient to explain.the 
phenomenon. The isotherms at the time might, then, actually have been 
running in a north-south direction! More intriguing is the fact, as has been 
suggested hereafter, that in the Upper Coal Measures times the warm and 
frigid sides of Australia seem suddenly to have changed ends, and south-
western Australia alone appears to be cold at the time. 
The basal tillite in the Collie Basin is, moreover, overlain by coal measures. 
It has been suggested that the spore analysis from this horizon indicates a 
closer affinity to the Upper (New Castle) Coal Measures of New South Wales 
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than to the Greta Coal Measures (Fairbridge 1952, p. 114). This is signi-
ficant and the implications are yet to be fully realized. A tentative suggestion 
is made in a later section here (see also Ahmad 1960). 
The entire evidence goes to indicate that ice moved from south to north, 
and this is as it should be if the Polar ice cap grew to enormous dimensions. 
Similar ice movement, it may be incidentally mentioned, is also reported from 
the Falkland Islands, but, like Western Australia, there is no indication of 
refrigeration after the basal tillites were deposited, and the later glaciations, 
as has been mentioned earlier, known so profusely from Eastern Australia 
and Tasmania, are completely absent. This could only mean, if the present 
latitudes were valid for the time, that either the Polar ice cap, after the first 
phase of expansion and recession, became exceedingly lop-sided or else the 
Lafonian Tillites of the Falkland Islands were the equivalents only of the 
last phase of the Australian glaciations, and the ice cap itself removed the 
records of the earlier phases. In either case the situation seems to be difficult 
to explain at the moment. Any explanation that can knit the known features 
into a pattern may hold the key to the solution. 
The only known reptile, Boihriceps major, occurs in the New Castle Coal 
Measures, near the top of the formation. D. M. S. Watson thought it to be 
'Nearly on the division between the Permian and the Triassic' (David and 
Browne 1950, p. 376). Even fishes are rare, and Eastern Australia is re-
ported to have yielded only two species, Urosthenes australis and Elonichthys 
davidi, from the New Castle Stage. The occurrence of Helicoprion davisii in 
Western Australia has been used by Teichert in correlating the beds to the 
Permian of Europe. 
Oil shales are known to occur on more than one horizon, and the bitu-
minous bed in the Bulli Seam, about 10 feet in thickness, has been tried for 
commercial distillation. Oppenheim (1935, p. 1780) thought that 'This bed 
resembles the Iraty in its nature and stratigraphic horizon'. The Bulli 
Seam is very near the top of the Permian System, and it is hardly necessary to 
add here that the correlation suggested is rather vague. 
Oil shales are also known from the Cygnet Coal Measures in Tasmania, 
and these are satisfactorily correlated to the Upper Coal Measures of New 
South Wales. It is thus possible that the deposition of oil shales was not 
only simultaneous, but was in a continuous belt from Tasmania to New South 
Wales. Banks (1952, p. 74) thought that coal and oil shales were contem-
poraneous, ' so that during the deposition of the coal the shore line can be 
more or less accurately located'. This suggests that oil shales are merely a 
marine facies of the allochthonous coal seams. 
Oil shales, apparently very similar in character, have been reported from 
the Ecca Coal Measures in South Africa. In view of the above suggestion it 
may be considered that marine conditions extended into the coal basin in the 
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eastern part of the Union; and the prevalent notion that in South Africa, 
except for a slight incursion in the west when the so-called White Band was 
deposited, marine beds are entirely absent, need not be correct. A reappraisal 
is highly desirable, and a detailed study of spores in all the beds is, indeed, 
called for. 
Western Australia 
Four, more or less, separate basins, with glacial beds at the bottom, are 
known from Western Australia. The Grant Formation in the Desert Basin is 
glacial and reaches the enormous thickness of 3,500 feet. It is separated 
from the overlying Poole Sandstone by a slight disconformity. Plant fossils 
occur in the latter, but no determinable Gangamopteris has so far been found 
from this basin. The overlying beds are all marine. The sequence in the 
North-west Basin is marine throughout and has yielded the now well-known 
bryozoa, Calceolispongia, known only from Western Australia, Timor, Tas-
mania and Peninsular India. 
The Irwin Basin, to the south, is important because it contains coal 
measures and distinct plant fossils, including Oangamopteris, Phyllotheca, 
Sphenophyllum and Sphenopteris, etc. 'An interesting feature of the Coal 
Measures is the occurrence in them of the numerous " dumped " erratics, up to 2 
feet long, often with distinct glacial striations' (Fairbridge 1952, p. 141). 
The suggestion by Fairbridge that these were rafted by floating vegetation, 
however, appears to be highly improbable. The apparent concentration of 
these erratics in small areas appears, on this hypothesis, difficult to explain. 
Also, the size of the individual inclusions is rather large for vegetation to 
transport over long distances, particularly when the river was in a turbulent 
state. The present authors are of the definite opinion that these could only 
have been rafted by ice, and an ice cap must have persisted, or reappeared, 
on land some distance away. 
Fairbridge (1952) has, moreover, added that 'Teichert (1951) has pointed 
out that the western and eastern Australian Permian provinces are totally 
distinct as regards macro-fossils; for example there is not a single goniatite 
genus common and the characteristic pelecypod Eurydesma of New South 
Wales Lower Permian is absent'. As suggested earlier, this might only be 
the result of distinct climatic zoning, for, while Eurydesma is indicative of 
cold-water conditions, the west coast could have warm climatic conditions 
soon after the glaciation. Eurydesma has, however, since been reported from 
the glaciogene Lyons Group in Western Australia. 
'International correlation of the Australian Permian is possible on the 
basis of the goniatites' (Fairbridge 1952), and, accepting this view, the beds in 
Peninsular India also cannot but be of lowest Permian age. 
The sediments in Collie, Muja and Wilga Basins are entirely of 
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freshwater origin, and there are a number of coal seams present. The coal is 
thought to be of drift origin. Gangamopteris is present along with Glossopteris 
and the presence of winged spores suggests a correlation with ' The Upper 
Permian (Tomago and New Castle) Coal Measures of New South Wales, as 
suggested by David (1932) long ago, and with the Lower Gondwanas of India 
in the other direction' (Fairbridge 1952). ' Winged' spores in India are known 
both from the Barakar and the Raniganj Coal Measures, but their frequency in 
the latter is distinctly very much higher. The Collie Basin seams may, then, 
be Upper Permian in age, and a very early Permian age, for the tillite at the 
bottom may not be tenable unless a disconformity is proved to exist between 
the glacial beds and the overlying coal-bearing formation. This, apparently, 
is not the case, and equating the glacial beds all along the west coast of Aus-
tralia need not be correct. 
The ' dumped erratics', mentioned above, become very significant under 
the circumstances and it is possible that there were really two distinct glacial 
periods in Western Australia also, though the later refrigeration was not 
recorded in the basins further north, where the change to warmer conditions 
must have been very rapid. 
If the suggestions made above are confirmed by future work, and 
the correlation of the Collie Basin coal seams and the Irwin River Coal 
Measures (the former being slightly younger than the latter) with the 
Upper Coal Measures of New South Wales is found to be incontestable, 
the situation becomes exceedingly piquant. After the basal glacial deposits 
of both the provinces there is apparently no sign of frigid conditions in 
the northern basins on the west coast. But, while glaciation on the east 
coast appears to have definitely ended in the Upper Marine Group times, it 
appeared again in the equivalents of the Upper Coal Measures on the west 
coast, and in latitudes somewhat nearer to the equator! Thus, after the 
first phase, the glaciation itself appears to have been rather erratic, unless 
these facts can be connected by a cogent explanation. 
India 
It would be convenient to discuss the Indian Gondwana deposits also in 
two sections, the Peninsular and the Extra-Peninsular. 
Peninsular India 
The Permian part of the Gondwana System in the type locality of the 
Damodar Valley is subdivided as below: 
TABLE I I 
( Raniganj Coal Measures 3,000 feet 
Damuda Series \ Barren Measures 2,000 feet 
I Barakar Coal Measures 2,000 feet 
Talchir Series 000 feet 
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The basal beds, with a few local exceptions where overlap has distinctly 
taken place, are invariably a tillite or a glacial bed. Greisbach has recorded 
erratics of up to 30 and 40 feet diameter from Ramkola and Tatapani coal-
fields. He has (1880, p. 142) pointed out that ' many of the boulders of elon-
gated shape are standing perfectly upright in the matrix and seem to have 
dropped from above into the fine clay'. Boulders up to 15 feet in diameter 
have been recorded from the Raniganj coalfield also. Except for the Ram-
garh coalfield area, where shales and sandstones intervene in the boulder bed, 
only one tillite is recorded and greenish shales overlie this bed. Marine fossils 
have been found in two isolated areas from within the tillite in Peninsular 
India, Umaria and Manendragarh (Hasdo River). The fauna from the former 
was originally described by Reed, but has recently been restudied by Thomas 
(1954). Thomas is of the opinion that it has close affinities with the fauna 
from the Lyons Group of the Carnarvon Basin (basal glacial beds in the North-
west Basin) in Western Australia, and places it distinctly in the Lower Per-
mian. This has already been suggested above. 
The macro-fauna from the Manendragarh bed has been studied by M. R. 
Sahni and D. K. Dutt of the Geological Survey of India, but the details are 
not available so far. The presence of more than one species of Eurydesma is, 
however, probable (Tewari 1958). 
Plant fossils in the Talchir Series occur only in the uppermost shale 
beds, as well as in the associated sandstones. It may be significant that as 
many as eight species of Oangamopteris, though only four species oiOlossopieris, 
occur in these beds. Other plants known belong to the genera Euryphyllwm, 
Voltzia, Samaropsis, etc. 
The entire available evidence goes to indicate that the movement of ice 
was, generally speaking, from south to north. Certain inclusions in the 
tillite in the Salt Range could have travelled over 500 miles and are said to 
have been transported from the Aravalli Ranges. A poleward journey of 
glaciers for such a long distance—and the distance could have been consider-
ably greater for the glaciers presumably continued further north—is, to say 
the least, a very complicating factor. In the Pleistocene Period it is not 
known to have happened anywhere. Indeed, most glaciologists rule out the 
possibility of a poleward journey for glaciers for any considerable distance. 
The Damuda Series (comprising the Barakar Coal Measures, the Barren 
Measures and the Raniganj Coal Measures) overlie the Talchir Series generally 
conformably, though in places a slight disconformity is discernible. This 
might have been the result of the change in the environmental conditions, and 
no importance need be attached to it. In the western part of the Damodar 
Valley the Barren Measures are not separable from the overlying Raniganj 
Coal Measures, though the continuity of deposition makes it inevitable that a 
part of the sequence be assigned to the formation. 
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The entire section in the type area is composed of freshwater beds. 
Plant fossils abound at all horizons and allow fairly fine correlations. 
Certain species of Gangamopteris, apparently, disappeared, for only four 
species are known, and of these only one, G. cyclopteroides, continues to 
the top of the Raniganj Coal Measures (Jacob 1952, Appendix table). This 
species appeared in the Talchir Series, and is, therefore, of no value for corre-
lation purposes, nor is it diagnostic of age. Olossopteris becomes the dominant 
genus and the number of species recorded swells fourfold from the underlying 
Talchir Series. Apparently this came about only gradually, and no catastro-
phic change is indicated. A number of other genera are known from the 
Damuda Series, and the entire composition of the flora is taken into consi-
deration in determining the age of any bed or particular horizon. 
No Gangamopteris is known from the Triassic Panchet Series, though 
some species of the rival genus, Glossopteris, continued in the Lower Triassic 
beds, and co-existed with the typical Triassic genus, Thinnfeldia (Dicroidium). 
Though no inference need be drawn from the fact at this stage, the 
disappearance of Gangamopteris seems to have synchronized perfectly with its 
disappearance in Australia, and the present authors believe that this could not 
be altogether fortuitous. 
There is only an insignificant admixture of northern species in the Indian 
Permian flora and Sahni (1926, p. 243) invoked parallel evolution to explain 
the presence of the few known forms when he stated t h a t : ' When we speak of 
an admixture of northern forms in the gondwana floras there is a tendency to 
lose sight of the fact that identical or similar forms already existed in the 
south. It is, therefore, quite natural, and in fact easier, to trace to them 
the origin of the admixture than to postulate southward migration from the 
northern continent.' The presence of a strong admixture typical of northern 
and southern floras in the South Rhodesian beds will be referred to later. 
It may, however, be pointed out at this stage that Sahni's is the only ex-
planation that appears to be satisfactory, for migration from the north, 
completely avoiding the Indian continent, and even parts of Africa that lie on 
the route, appears difficult to envisage. 
Gondwanosaurus bijoriensis and Brachyops laticeps were, till recently, 
the only vertebrates known from the Permian beds of Peninsular India, and 
come from the Raniganj horizon. A recent discovery by the senior author 
(along with Shri C. Nageshwar Rao) has been described by their colleague 
Shri C. Tripathy (in press) as Rhinesuchus wadii. The material available is 
only the cast of a part of the skull, but the horizon is distinctly from near the 
top of the Raniganj Coal Measures in the Singrauli Coalfield. Brachyops is 
closely allied to Bothriceps from Eastern Australia and may even be identical, 
while Rhinesuchus has been reported from South Africa, East Africa and 
Madagascar. There will be reason to refer to these later. 
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Extra-Peninsular India 
Outside Peninsular India, Gondwana beds have been recorded from a 
narrow belt which might be continuous from one end of the Himalayas to the 
other. I t has been carefully studied only from the Salt Range and Kashmir. 
In the former area, plant beds with Gangamopteris occur a few feet above the 
tillite, and slightly below the Eurydesma horizon. I t would, thus, appear 
that freshwater conditions prevailed for a while after glaciation and then 
marine transgression took place. By the time the Eurydesma fauna came to 
the region, considerable time after the glaciation might have elapsed, and yet 
the climatic conditions must have been cold enough for this peculiar fauna. 
In Eastern Australia E. cordatum occurs about 3,000 feet above the horizon 
with E. hobartense, but both the species occur together in the Salt Range. 
It , however, appears to be reasonable to consider this horizon as equivalent to 
the E. cordatum horizon of Australia. 
Above this horizon of typically cold-water Eurydesma fauna there are a 
hundred feet of barren beds, and these, in turn, are succeeded by the well-
known warm-water Productus Limestone beds (Schuchert 1935, p . 19). 
This change in the character of the fauna, indicative of climatic conditions, is 
exceedingly significant. The conclusion is inescapable that considerable time 
was taken in the deposition of the 100 feet of barren shales, covering the period 
of the departure of frigid conditions and its peculiar fauna, and the arrival of 
warm climatic conditions along with the fauna accustomed to these new 
environments. 
Gangamopteris has been discovered in several areas of Kashmir also and 
Middlemiss (1919, p. 293) has shown that in the lower beds it predominates 
over the rival genus. Elsewhere no Glossopteris has ever been found, though 
Gangamopteris is abundant. Amphibians, Actinodon risiensis and Archego-
saurus ornatus, as well as fishes, have been found from different localities, but 
their exact horizon cannot yet be compared with the better known type-
section in Peninsular India. 
South America 
Like Australia and India, South America can also be treated in two 
sections, Brazil and Argentina, and these will here be taken up in that order. 
Brazil 
The geological picture of the Gondwana succession in South America is 
not yet clear and Mendes (1952, p. 335) only recently lamented that 'The 
Gondwana of southern Brazil, generally speaking, lacks stratigraphical details, 
while its fauna and flora ought to be more carefully studied; until then their 
proposed correlation with Argentine, Africa, Australia and India is almost 
P. AHMAD & N. AHMAD: THE AGE OF THE GONDWANA GLACIATION 29 
pure speculation'. It is, therefore, not surprising that fairly divergent opin-
ions are commonly held by local geologists. As many as eight papers were 
submitted to the 19th International Geological Congress, while Mendes (1952) 
and Oliviera et al. (1956) published elsewhere during the last few years. Al-
most the only point of importance that appears to stand undisputed is that 
there is no unconformity or disconformity between the glacial beds at the 
bottom and the top of the so-called Passa Dois Series. The Irati Shales 
form the bottom of the Passa Dois Series, and carry the well-known genus, 
Mesosaurus. There is, however, a distinct unconformity above the Passa Dois 
Series and the overlying Santa Maria beds may be ' Middle or Upper, rather 
than Lower Triassic' (Romer 1952, p. 251); and von Huene would readily 
agree to this. The following table is, however, based on the recent paper by 
Oliviera et al. (1956), and covers the geology of Brazil and Uruguay: 
TABLE I I I 
System 
Pennsyl-
varuan 
Series 
Passa 
Dois 
Tubarao 
Group 
Bio do 
Rasto 
Estrada 
Nova 
Guata 
Itarare 
Formation 
Poco Preto 
Esperanca 
Serrinha 
Therezina 
Serra Alta 
Irat i 
Palermo 
Bio Bonito 
Thickness 
(in metres) 
250 
400 
250 
500 
The present authors do not entirely agree with this classification and 
have drawn liberally from other sources. It, however, appears interesting to 
record that ' In Rio Grande do Sul and in the southern Catarina there is only 
one tillitic zone, called the Orleans tillite by I. C. White; in the Taio region of 
Santa Catarina there are two tillites, called by O. Barbosa the Lontras and 
Pastagens tillites. In the northern Catarina and in Parana there occur four 
tillites, and, in Sao Paulo, O. Barbosa and F. M. de Almeida record five tillites, 
called by Barbosa the Salto, Elias Fausto, Rafard, Mombuca and Juru Mirim 
tillites. The Rafard and Mombuca probably correspond to the third Parana 
tillite (Juru Mirim) of Sao Paulo and Parana. They may be correlated with 
the single Orleans tillite of southern Santa Catarina and Rio Grande do Sul; 
thus in the whole southern part of the region the lower tillites are lacking' 
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(Oliviera el al. 1956, p. 32); and so are, apparently, the younger tillites as 
well. These authors, however, have not offered any explanation of the 
phenomenon. It may, yet, be suggested that the most probable explanation 
may be that the ice cap retreated towards the north or the north-east. It is 
equally probable that it extended from that direction in the first instance also. 
Only under such circumstances it appears possible for younger tillites to 
be deposited where they exist in the area, while maintaining a conformable 
sequence in the southern part of the basin. And this applies to the bottom 
tillites as well. 
On the other hand, inferred movement of ice, from other lines of evidence, 
is distinctly towards the west in Argentina and the coastal parts of Uruguay. 
The retreat of ice in this area could have been to the east or the south-east. 
The northward movement of ice, indicated on the Falkland Islands, may have, 
yet, another centre of glacial dispersion or there may be some other explanation 
for it. 
Leaving aside the last-mentioned area for the time being, the only possible 
explanation, then, is that there were two ice caps, one to the north of 
Sao Paulo and the other somewhere in the Atlantic, east of Uruguay. 
Oppenheim (1935, p. 1737) substantially agreed with this when he pointed out 
that the 'Southern American continent shows two glacial centres, one in the 
north-east comprising the glacial beds of Brazil, Uruguay, Argentina and 
Bolivia, where there are signs of glacier movement towards the west, and the 
other in the south and south-east connected with Falkland Islands and the 
northward movement of the Antarctic glaciers'. Alternatively, it may be 
presumed that the ice cap itself shifted from a highly vulnerable equatorial 
seat to only a slightly less, if at all, vulnerable position in the temperate, but 
open, sea. In view of the absence of the younger tillites in the south, as pointed 
out above, it becomes obvious that such a shifting could not have been direct, 
but must have taken place via either well to the west or well to the east. 
The occurrence of a Permian tillite in Bolivia, where the movement of ice 
was from west to east (Washburne 1932, p. 177), tilts the balance in favour 
of the former possibility, but independent evidence is needed on the point. 
Inter-tillite coal seams are reported from Parana and this emphasizes the 
length and importance of the breaks. The frigid conditions must have com-
pletely disappeared, and a cold wet climate must have prevailed to enable the 
slow-depositing coal seams to be formed. Mendes (1952, p. 338) suggests 
that 'it is not unlikely that a Glossopleris flora may be present' along with 
this inter-tillite coal, and this would suggest that the flora distinctive of the 
southern coal measures had, probably, already established itself before the 
glacial conditions had completely disappeared (see also Barbosa 1952, p. 319). 
On the other hand, it appears interesting to point out that during the Pleisto-
cene glaciation such repeated complete changes in environmental conditions 
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are not, apparently, known to have taken place, and coal does not seem to have 
been formed anywhere. 
Distinct plant fossils have been recovered from three or four definite 
horizons in a number of localities. The lowest horizon, according to Barbosa 
and Almeida (Mendes 1952, p. 340), may be in the Itarare Group. It carries 
Gangamopteris, Olossopteris, Noeggerathiopsis, etc. The highest horizon in 
which Gangamopteris has been found, according to Dolianiti (1952, p. 297), 
may be above the Iraty Shales, presumably in the Serra Alta beds of the above 
table. 
Oliviera et al. (1956, Table 4, p. 18) place the Tubarao Series in the above 
table in the Pennsylvanian. The present authors are, however, of the opinion 
that there is very little justification for placing any beds with Olossopteris in 
the Carboniferous. Indeed, in the entire succession there appears to be no 
horizon in which Gangamopteris might have been the predominant genus, and 
for which even a Lower Permian age may justifiably be suggested. It has been 
demonstrated in the earlier section that this genus did not appear for quite 
some time after the initiation of the Permian Period in India and Australia, 
and there is not the slightest justification to brush aside the evidence from 
these two countries. On the other hand, the indications are that in Brazil 
the flora was already present when the glaciation arrived there, and probably 
Gangamopteris had long since passed its acme. Much importance is, however, 
being attached to obvious 'hold overs' and to suspected affinities to North 
American faunas. The recent discovery of a living specimen of Coelacanth fish 
from the sea off the coast of Africa, that used to be its original habitat almost 
200,000,000 years ago, may be freakish, but has given food for thought to 
many palaeontologists and stratigraphers. The importance attached to 
Loxomma by Oliviera et al. (1956, p. 32) may, then, not be its due. 
On the other hand, it seems equally, if not more, unjustifiable to treat all 
Glossopteris-beatring beds as Permian, as Oliviera et al. seem to do. It is 
certain that both in India and Australia some species of this genus survived 
and do appear in the Triassic beds. In South Africa it appears even in the 
Molteno beds, often regarded as Upper Triassic in age. 
Such correlations, unfortunately, leave one with the impression that 
attempts are being made to adjust the age of the basal tillite to fit in with a 
preconceived notion, long held by many geologists, and well expressed by 
Schuchert, that ice ages provide the most precise means of correlation. The 
age of the Itarare glacials is, thus, being brought to the level where it could be 
safely put as Permo-Carboniferous. A classic example for this was provided 
by Oppenheim (1935, p. 1743) when he pointed out that 'there is probably 
unconformity between the Triassic and the underlying Permian. In spite of 
the palaeontologic evidence, no supporting stratigraphic evidence has yet 
been observed in the field'. And the entire palaeontologic evidence goes to 
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suggest that the beds above his Lower Estrada Nova beds, i.e. Therezina, 
Rocinha and Serrinha beds (see Table IV below), as well as the Upper Estrada 
Nova, belong to the Triassic System. The only established unconformity, as 
has been pointed out earlier, is above these latter beds, and the overlying 
Rio do Rasto Group is indisputably Upper Triassic. Thus, the hiatus above 
the Lower Estrada Nova is being presumed only to justify the placing of the 
basal tillites in the Lower Permian age. Similarly, the Irati Shales, the 
undoubted equivalent of the White Band, are being brought down in the 
succession and placed in the Lower Permian by placing the Rio do Rasto 
beds in the Permian (as shown in Table III above) and the unconformity at 
the top of the Passa Dois Series as the dividing line between the Palaeozoic 
and the Mesozoic in the region. Considerations like those of Oliviera et al. 
(1956, p. 38), that ' the Permian age of the Rio do Rasto Group is proved by 
the Conchostracean fauna and Olossopteris flora', need not hold. Indeed, 
these may prove quite the opposite of what is being claimed ! 
The present authors, therefore, find themselves in agreement with Op-
penheim (1935, p. 1728) when he ends his Upper Permian with the Lower 
Estrada Nova beds (= Serra Alta beds in the above table), and places the 
rest of the succession in the Lower Triassic. For purposes of comparison his 
table is given below: 
TABLE IV 
Upper Triassic 
Triassic 
Upper Permian 
Lower Permian 
Sao Bento Series 
Unconformity 
Passa Dois Series 
Assumed unconformity 
Tubarao Series 
Itarare Series 
Rio do Rasto Group 
Upper Estrada Nova 
Therezina, Rocinha and Serrinha 
beds 
Lower Estrada Nova 
Iraty group 
Palermo and Rio Bonito group 
Itarare tillites and glacials 
Indeed, he points out that ' the group (Upper Estrada Nova) is character-
ized by the presence in various beds of Triassic Mollusca'; and again (Oppen-
heim 1935, p. 1748): ' The Upper Estrada Nova includes a great fauna of 
lemellibranchs unquestionably of Triassic age.' He emphasized that (p. 1752) 
'according to von Heune and other writers, the Rio do Rasto appear 
definitely to belong to the Upper Triassic', and correlates it with the Molteno 
beds of South Africa. Whereas this need not be entirely correct and von 
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Heune has himself slightly amended the age interpretation of this bed, placing 
it now in the uppermost Middle Permian or only slightly later, Martin (1952, 
p. 282) agrees with the above very substantially and believes that there is no 
unconformity between the Rio do Rasto and the Estrada Nova, and places 
the upper part of the former as equivalent of the Molteno bed of South Africa. 
He correlates the latter with the Lower Beaufort and Raniganj of South 
Africa and India respectively. 
Only one species, Gangamopteris cyclopteroides, is known, as against five 
or six species of Glossopteris. All these species are long ranging and hardly 
suitable for correlation. In the higher beds of Oliviera et al.'s Rio do Rasto 
bed Glossopteris is associated with Esiheria and Leaia. The former of these 
molluscas occurs in the Upper Coal Measures of Eastern Australia, but only in 
the Triassic beds of India. Leaia is not so far known from India, but else-
where it occurs in the top beds of the-Permian System and Bond (1955, pp. 
88-94) has discussed its stratigraphic position in detail. He points out that it 
occurs in the Madumabisa Shales in South Rhodesia, Upper Coal Measures in 
Eastern Australia and the Estrada Nova beds in Brazil. Since the name 
Estrada Nova has been differently used by different authors, it is not clear to 
which exact horizon he is referring. Bond is, however, obliged to introduce ' 
ecology and thus leaves the door wide open for re-interpretation of its exact 
horizon. It can yet be stated with confidence that if it has any stratigraphic 
significance, as suggested by its occurrence in Australia and South Africa, it 
cannot but belong to the topmost Permian horizon, at the earliest. 
Though fossil fishes are known from the glacial beds, land reptiles and 
other vertebrate forms appear in great variety and abundance only in the 
Santa Maria beds, which are here regarded as entirely Triassic, and may be 
quite high up in that System. 
Argentina 
The position in Argentina has long been found confusing and a firm 
correlation with the Brazilian succession has, therefore, not been possible. 
Vague suggestions have, however, often been made to compare the sequence in 
Argentina with that in Eastern Australia. It would, nevertheless, appear 
that the real basis for this is the recognition of an eugeosynclinal belt in this 
area, comparable in many respects with that in Australia. Many geologists 
have suggested a genetic correlation between these widely separated basins, 
emphasizing the synchroneity of orogenic activity in the uppermost Permian 
or the Lower Triassic Period (Ahmad 1961). 
The position, as it obtains in Argentina, is that Gondwana beds are 
known from five or six isolated areas, and there are material differences in 
successions. This, of course, is quite natural for an eugeosynclinal basin 
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but has hindered close correlation. The sequence in Precordillera is exceed-
ingly interesting. It is 3,000 metres (about 10,000 feet) thick and the basal 
300 metres (about 1,000 feet) comprise a reddish conglomerate underlying a 
dark shale and glacial conglomerate with Glossopteris. Apparently there is no 
reason to suspect that glaciation was responsible for the basal conglomerate 
and the indication, therefore, is that the Permian Period, somehow, started in 
at least this area without any refrigeration. 
Frenguelli (1952, p. 187) has, on the other hand, drawn attention to the 
exceedingly interesting section in the La Rioja area, the type locality for the 
Patquia Series. He considers that the ' Totoral beds at the base of the Pat-
quia Series represent the stratigraphical and chronological equivalents of the 
Barakar beds at the base of the Damodar Series'; also that the 'Totoral 
marks the oldest Permian time in Argentina'. Moreover, he adds: ' In La 
Rioja, the uppermost portion of the latter beds (Agaa, Colorado of Upper 
Carboniferous age) just beneath the strata with Barahxria are represented 
by layers containing species of Catamites, Lepidodendrcm, Gondwanidium and 
Gangamopteris, namely G. cyclopteroides Fst.' There is obviously no reason 
why these beds should also not be treated as of Permian age. The glacial beds 
appear at a higher horizon and Frenguelli (1952) has no hesitation in opining 
that ' Evidently this assemblage, of an unmistakable glacial nature, can be 
assigned to the top of the Lower Permian Series' (italics by the present 
authors). This, then, was another consideration why this Argentinian suc-
cession, where alone a definite Middle Permian glaciation was known to have 
occurred outside Australia, was being compared with that in Eastern Australia. 
Yet, it hardly seems necessary to emphasize the difference which lies in the 
fact that whereas in Argentina there is no evidence of an earlier glaciation in 
the Permian Period, and there was, almost certainly, but one period of refri-
geration, glaciation in Eastern Australia, as has been pointed out earlier, 
was repeated in distinct waves, from the beginning of the Permian Period, and 
was almost never completely absent till the end of the Upper Marine Group, 
which could have been Lower to Middle Permian in age. 
The Permian beds of the hills to the south of Buenos Aires begin with a 
tillite, considered to be 900 metres (about 3,000 feet) thick (Harrington 1956, 
p. 139). Frenguelli (1952) equates this tillite with the one mentioned above, 
i.e. it also belongs to the top of the Lower Permian. Eurydesma, as well as 
Glossopteris and Gangamopteris, occur in these beds. 
Harrington (1956) also described the section from the sub-Andean ranges, 
Sierra de los Llanos and Bajo de Velis, where the formations begin with 
a conglomerate (in part glacial). It may be reasonable to presume that 
this also belongs to the same glacial horizon as those discussed above, for no 
younger period of refrigeration is recorded here. Nowhere, thus, is there 
more than one glacial bed present, and the conclusion is, therefore, not 
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altogether unwarranted that glaciation in Argentina was towards the middle 
of the Permian Period. 
It, then, becomes evident that the confusion has here, again, been caused 
merely because the starting point of all correlations was based on the wrong 
surmise that basal tillites everywhere were coeval, and could not but be of 
the lowest Permian age. In places, as in the case of Argentina, where there 
was definite evidence of only a later glaciation, it was apparently presumed 
that the record of the earlier glaciation was either not known or had been 
removed before the deposition of the later beds. 
In the Falkland Islands the succession offers close parallels with the 
South African Permian section (Adie 1952a, p. 401), and the Lafonian Tillites 
are very similar to the Dwyka TiUites. These are overlain by slates and 
sandstones, again very similar to the South African Permian succession. It is, 
therefore, not necessary to go into any great details of these. 
Africa 
The large continent of Africa shows the presence of Gondwana type 
of sediments only from its eastern, central and southern portion and will, 
accordingly, be discussed here in two sections separately. 
South Africa 
The Karroo System of South Africa received early attention, and the 
facts of its geology are well known and well established. The following 
description, confined only to the Permian Period, is based mainly on Du Toit 
and Haughton (1954) and Haughton (1952): 
TABLE V 
Lower Beaufort Beds. 
Upper Sandstones and Shales 
Middle Shales 
Lower Sandstones and Shales 
Upper Shales 
Tillite and Boulder Bed 
Only one glacial horizon is known, and though in the north it frequently 
transgresses on to the gneisses, in the south it is underlain by a bed of shales of 
indefinite age. The tillite is followed by a thick shale formation, which passes 
into marine environments on the west. 
Du Toit carried out a detailed study of the glacial deposits and came to the 
incontrovertible conclusion that the ice cap was centred round the Tropic 
of Capricorn. More important than this was the conclusion he drew that the 
centre of ice radiation distinctly shifted from west to east and in the end 
3. Beaufort Series 
(12,000 feet) 
2. Ecca Series 
(10,000 feet) 
1. Dwyka Series 
(3,150 feet) 
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the glaciers radiated from somewhere in the present Indian Ocean, beyond the 
east coast of Natal. As in the case of India, the glaciers were moving into a 
region of temperate climate and the question has naturally been asked as to 
what caused this ice to melt. Ahmad (1961) has also raised the question 
as to where were they collecting all the morainic material they have deposited 
on the coast of Natal, for the size and proportion of large inclusions in the 
tillite suggest the presence of large nunataks in the region. 
It is exceedingly significant that in Central Africa the movement of ice, 
as worked out in the Congo Basin (Veatch 1935, p. 149) as well as elsewhere, 
was from east, south-east and south. Some of these appear to have crossed 
the equator and continued for at least four or five degrees of latitude in the 
northern hemisphere. These glaciers are, thus, supposed to have been tra-
versing a distance of around 25° of latitude in tropical country and yet they 
failed to dissipate! They might indeed have ended up beyond the 4° N. latitude 
from where they are known at present, but their deposits have not been pre-
served. 
The tillite in South Africa could be as much as 2,500 feet in thickness and 
is overlain by a bed of shales. The well-known ' White Band' occurs in this 
formation and contains the Mesosaurus, very similar, if not identical, with the 
species known from South America. Lithologically, too, the bed bears close 
similarities to the Iraty Shales. No one has seriously questioned the corre-
lation of these two beds lying across the ocean. In fact the occurrence of 
these stratigraphically, lithologically and very distinctly palaeontologically, 
identical beds continues to baffle many a geologist who does not subscribe to 
the drift hypothesis. At the same time, it appears to the present authors, 
the argument has been, if anything, rather over-emphasized by the prota-
gonists of 'drift'. 
At two places Gangamopteris has been found crushed between the tillite 
and the gneisses below and Du Toit (19296, p. 244; see also Du Toit 1933, p. 
649) has emphasized this by arguing that the flora was already flourishing in 
South Africa when glaciation began its work of erosion and deposition. The 
genus, however, is very rare in higher beds and no trace of it remains after the 
Upper Ecca Series. On the other hand, at Walikale, in Congo, the flora has 
Gangamopteris as an overwhelming constituent (Veatch 1935, p. 124). In 
fact this author has pointed out that no Glossopteris has been found in the 
area so far, and this reminds one of parts of Kashmir! The movement of ice 
in this area was from east to west and the plant fossils made their first ap-
pearance in the shales overlying the tillites. This may be significant, for, as 
has been pointed out earlier, the flora, both in India and Australia, did not 
appear for quite some time after the initiation of the glaciation. The sug-
gestion is, therefore, obvious that, though the flora reached all the continents 
simultaneously, the glaciation in South Africa, as also in South America, 
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was later than the glaciation in India, Australia and even, perhaps, parts of 
Central Africa. This argument leads to the conclusion that the tillites in 
Congo and South Africa are, probably, not of the same age. The alternative, 
that the flora arrived in South Africa earlier than in the areas mentioned 
above, appears difficult to envisage. 
After the withdrawal of glacial conditions, the shales and sandstones of 
the Ecca Series came to be deposited. The genus, Gangamopteris, continued, 
though exceedingly rarely, and in only one species, the ubiquitous G. cyclop-
teroides, till it is last found in the Upper Sandstones and Shales. It is hardly 
possible to consider that this absence from higher beds is due to any want of 
thorough search. On the other hand, Thinnfeldia (Dicroidium), known from 
the Lower Triassic beds both in India and Australia, does not appear till the 
Molteno beds are reached. In Brazil also it seems to be rare, and the first 
Dicroidium appears only in the Santa Maria beds. The possibility, then, 
cannot be ignored that the genus was not habituated to cold climatic condi-
tions, and appeared in the different areas only when the climate had suitably 
ameliorated. 
Originally it was thought that Archaeosaurus and Eccasaurus came from 
the Ecca Series, and these were a very disturbing element in the intra-Gond-
wanaland correlations. Current opinion, however, throws considerable doubt 
about the horizon from which these fossils were recovered (Du Toit and 
Haughton 1954, p. 335), and the opinion now seems to be crystallizing that 
the vast number of fossil vertebrates known from South African Gondwana 
beds come only from the Lower Beaufort and higher beds. 
Coal and oil shales have been reported from Natal, and, if Banks' (1952, 
p. 74) interpretations of the origin of these is correct, marine incursions, as 
has been suggested earlier, must have been frequent in the area. They have 
not yet been recognized as such by the local geologists. 
The Beaufort Series overlies the Ecca Series conformably, and Glossopteris 
continued to exist throughout the entire succession and into the Molteno bed, 
considered to be Middle or Upper Triassic in age. A remarkably explosive 
development of vertebrate life appears to have taken place at this stage. 
The Lower Beaufort Series is placed by the African geologists in the Upper 
Permian age and it is, thus, remarkable that, while vertebrates were so nu-
merous in South Africa, the rest of the world was yet inhabited by a very few of 
them. Only three or four species (represented, perhaps, by a single specimen 
in each case) are known from the Indian successions and only one has, so far, 
been found in Australia. The same is true of South America where Mesosaurus 
and its allied form Stereosturnum are the only types known till one gets into 
the Rio do Rasto Group (Table IV). Romer (1950, p. 528) has emphasized 
bhe point for the northern hemisphere when he stated that ' In the Middle and 
Upper Permian, in which therapsids are numerous in South Africa, there are 
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few known vertebrates of any sort in the deposits of North America and most of 
Europe' (italics by the present authors). But in the succeeding Lower 
Triassic Period vertebrates appear to have been abundant everywhere, and 
the suggestion, made earlier, appears to take root that a fundamental mistake 
has, somehow, been committed in placing the lower part of the Beaufort 
Series in the Permian System. The Permian System should, accordingly, end 
with the end of the Ecca Series, where Gangamopteris finally disappeared. 
East and Central Africa 
In Nyasaland, the Karroo System is divided into (a) a basal conglomerate 
and sandstone, (b) a middle shale, coal and mudstone, and (c) an upper grit 
and limestone. The basal conglomerate is, presumably, of glacial origin 
(Reed 1949, p. 104) and is interbedded with sandstones. The overling 
shales have yielded reptiles, such as Dicynodon, Endothiodon, IthinesucMis 
and a number of other types, ' denoting the middle of the Lower Beaufort 
Series' (Du Toit and Haughton 1954, p. 358). An Upper Carboniferous or 
Lower Permian age for the glacial bed at the bottom is practically ruled out 
here unless a disconformity is proved to exist between the lower and the 
middle formations. Apparently it does not exist. 
In South Rhodesia a basal tillite is overlain by the Wankie Coal Measures 
(Bond 1952). A mixed northern and southern flora was discovered in these beds 
and Walton (1929), who described this, stressed the importance of Sphenophyl-
lum and Pecopteris, known to him from the European Carboniferous. He, there-
fore, assigned an Upper Carboniferous age and it followed that the tillite, dis-
covered later, found underlying the flora, should be, if anything, somewhat 
older. It is, therefore, particularly interesting to note that Pecopteris has 
been described from the Upper Permian Raniganj Coal Measures in India, 
and continues into the Lower Triassic Panchet Series (Jacob 1952, p. 166, 
Appendix); while Sphenophyllum is known from the Barakar Coal Measures, 
that have ever been regarded as Lower Permian. 
Walkom (1938, p. 188) considered these as 'hold overs' and deplored 
that ' quite frequently these "hold overs" are singled out and stressed as age 
indicators—in reality they always indicate an age greater than the actual age 
of the beds in which they occur'. He, therefore, becomes more specific and 
states: ' This, I believe, may be the case with the Wankie beds in Rhodesia 
where Pecopteris and Sphenophyllum may not outweigh the Glossopteris flora 
in the determination of age.' It is, therefore, gratifying to note that even 
before Walton had expressed the oft-quoted opinion about the age of these 
beds on the discovery of the northern species, Maufe (1919, p. 30) had, 
on the basis of the Glossopteris flora, suggested a Raniganj rather than a 
Barakar age for the Coal Measures. 
Elsewhere, Frenguelli (1952, p. 185) has drawn pointed attention to 
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another aspect of the same question when he stated that ' attention may be 
drawn to the several species which were once identified with similar European 
Carboniferous forms but that recent and more accurate determinations have 
proved to be different and peculiar species of the southern hemisphere'. And 
Walkom has questioned the identification of certain species of Lepidodendron 
from the Karroo beds of South Africa, same as Du Toit has expressed doubts 
about the so-called Olossopteris flora from Russia, while Birbal Sahni (1936, p. 
329) was sceptical about the existence of the same in the Tonkin area. And 
who would know these genera better than these eminent scientists of their 
times ? The last named author has shown even a preparedness to account for 
these occurrences of supposed northern genera as a result of' parallel evolution' 
from the earlier cosmopolitan flora (1926, p. 243), rather than accept them as 
migrated from the north. And this deprives these species of any stratigraphie 
importance. On the other hand, Hoeg (1937) and Halle (1937) are prepared to 
discount the presence of Gondwana elements in the Angara flora. It would, 
thus, appear that migration of the Permian flora from north to south or in the 
opposite direction was, perhaps, not as common as has often been supposed 
in the past. 
Exceedingly interesting is the evidence available from the Congo area. 
The absence of Ghssopteris in the Walikale area has already been referred to, 
and Renier (Veatch 1935, p. 124) is credited with the remark that this flora 
was older than that found at Lukuga and Luena in the south. Elsewhere 
Veatch (1935, p. 8; see also pp. 84 and 126) envisages two ice advances, the 
latter advance resulting in folding the interglacial beds in the southern belt. 
Both these points appear to be of peculiar significance when interpreted later 
in this paper. 
In the Tanganyika Territory, Stockley (1932, pp. 612-618) has sub-
divided the Gondwana beds into eight subdivisions, with a conglomerate, K1; 
suspected to be glaoial, at the base. The overlying beds, K2-K4, he places 
as the equivalents of the Upper Ecca Series, followed by younger beds above. 
He, obviously, finds himself in the circumstances unable to equate the basal 
conglomerate bed with the Dwyka Tillite and admits that ' The most doubtful 
question is the age of basal conglomerate'. 
For Madagascar the age of the basal tillite appears to be satisfactorily 
fixed by the presence, not only of marine fossils, but also of a number of 
varieties of Gangamopteris cyclopteroides, as well as G. major and, apparently, 
only one species of Ghssopteris in the Sakoa Group. The discordantly over-
lying Sakamena Group, however, is distinctly of Triassic age. 
The suggestion is, here, advanced that in Africa the basal tillites are of 
more than one age and the areas in which they occur lie scattered, more or less 
haphazardly, and often in proximity to one another. Their preservation was 
dependent upon the epeirogenic conditions that obtained locally and only 
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incidentally on the extent of the ice cap. A westward movement of the ice 
along the equator, as pointed out above, can only be justified if the centre of 
ice accumulation at the time was much further north than is generally en-
visaged for the South African ice cap; and the flora in this northern area is 
distinctly older than that in the beds further south. A distinct shifting of 
the ice cap in South Africa, as proved by Du Toit, may suggest that the ice 
cap was not very large, for it probably never covered the entire area of the 
Union at one time (Du Toit 1929a, p. 99). It may, then, be imagined that the 
centre of glaciation shifted from a central African position in early Permian 
times to an unknown area, and then, in the Middle to Upper Permian times, it 
traversed across the south of the continent from west to east, almost along the 
Tropic of Capricorn. The early Permian ice cap, apparently, failed to reach 
the Union territory, whilst the later ice cap did not extend to the Walikale 
area, though it, apparently, touched the southern Congo area, and there 
disturbed the earlier formed glacial beds. 
Antarctica 
Information about the geology of this vast continent is as yet so meagre 
(see also Adie 19526) that i t can hardly be brought in as an evidence in any 
scientific discussion. It is, however, relevant to point out that in the Beacon 
Sandstones, that have a conformable sequence which extends from the De-
vonian to the Cretaceous Period, there does not appear to be any glacial hori-
zon in the strata that could possibly represent the Permian refrigeration. It, 
however, emphasizes the fact that throughout this period of earth-history 
not only the basin in which these remarkable sandstones were being deposited 
was free from any glacial interference, but a large hinterland of this basin 
was also exposed to normal agents of erosion and river transport. This 
appears inexplicable when it is remembered that a Devonian glaciation is 
well known from South Africa and South America, and a Carboniferous glacia-
tion has been extensively reported from South America and Eastern Australia. 
Thus, not only that the three major glacial records of the southern hemisphere 
are, apparently, not represented in the Antarctica, but the indications are 
that, on the contrary, it was free of ice. 
The only other significant fact known is that Glossopteris has been found 
in the debris in transport by glaciers emanating from within 5° of the Pole. 
Although this certainly does indicate that at the time these beds were being 
deposited freshwater conditions prevailed in the area, and the ice cap was 
definitely absent, the evidence as to the age of these beds is not complete. 
The genus is known to continue into the Triassic Period, when the entire earth 
was having a warm climate and there might not have been any ice cap on 
the earth, not even on the Poles. Environmental conditions of the Triassic 
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beds in Queensland (Australia), however, do not indicate that the climate 
was really so warm, and coal was deposited in many areas in Eastern Australia. 
GENERAL DISCUSSION 
It would, at this stage, be useful to discuss the various possibilities under 
which glaciation could have occurred in such widely separated areas. More 
important, indeed, is the selective distribution of glaciation in the areas known, 
and the presence of warm-water fauna in the Middle Permian of New Zealand 
(Hornibrook 1952, p. 25; see also Wellman 1952, p. 21) when Eastern Australia, 
and maybe Argentina, were strongly refrigerated. The probable absence of 
any glacial record from the Beacon Sandstone in the Antarctican Permian has 
already been referred to, and lends strong support to the view. Important 
also is the consideration calling for explanation for the repeated widespread 
transgressions of the sea when so much water was lying locked up in the 
'greatest ice age the world has ever witnessed'. In Eastern Australia it, 
indeed, appears that transgression and refrigeration went hand in hand, and 
the withdrawal of glacial conditions brought in freshwater conditions ! 
A theoretical consideration of the genesis of the glacial deposits under 
the circumstances leaves no option but to consider that these could have been 
formed under one or more of the following possibilities: 
(a) that the continents have remained more or less fixed in their present 
positions and glaciation occurred in the form of isolated ice 
caps under some unknown, but very unusual, conditions; 
(b) that the continents have remained fixed, and one extensive ice cap 
covered the entire area from which glacial records are known, 
including also the areas around, from which these might have 
been subsequently removed; 
(c) that the continents were once together to form one compact land-
mass—the Gondwanaland of the 'driftists'—and all the areas 
showing glacial records were covered by one extensive ice cap; 
(d) that though drift has taken place, it was not a single ice cap that 
covered the present continents, and instead there were several 
major centres of ice radiation; 
(e) that not only that the drift has taken place as a result of the splitting 
up of Gondwanaland, some time in the Mesozoic Era, but 
that at no stage before this event of supreme importance was 
the giant continent itself completely stationary. The idea 
(Ahmad 1960, pp. 666-668) being that the entire continent, 
situated at the South Pole, was drifting all the time, and was 
thus bringing different parts of the land under the Polar ice 
cap at different times. Such an ice cap need not only have been 
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one of about the same size as the present Antarctican ice cap, 
but one of a smaller size could probably do. This ice cap might 
have completely, or very nearly, disappeared by the beginning 
of the Triassic Period, though it oertainly reappeared later; 
(/) that the Pole itself was wandering, and was affecting different 
continents at different times. 
A brief consideration of the possibilities enumerated would indicate that 
(/) is ruled out by geophysical considerations. A major shifting of the earth's 
axis of rotation, in spite of all the re-thinking that is being given to the subject 
currently, is still not considered possible. Even after the recent researches of 
Runcorn (1956) and Irving (1958) and others on palaeomagnetism, indicating 
a definite movement of the Pole in relation to the present land masses, the 
explanation offered is based more on a distinct sliding of the earth's crust than 
on the shifting of the earth's axis. 
Possibility (6) demands such an extensive ice cap, covering almost the 
entire southern hemisphere, and a sizable part of the northern, too, that it 
again appears to be quite unthinkable and may be ruled out, without further 
consideration. 
On the other hand (a) also calls for a world-wide cooling, and Coleman 
(1925) was a strong advocate of this view. Yet, the researches of Dunbar 
(1924), Ma (1951-56), Hornibrook (1952) and others do indicate, in no un-
certain terms, that warm climatic conditions did co-exist in many parts of the 
world, and these include Texas, NW. Africa, perhaps also parts of Angaraland 
(Sahni 1938a, p. 147), New Zealand, and even India and parts of "Western 
Australia (in Middle Permian times). Numerous attempts have been made in 
the past to explain the phenomena and to fit in the known features maintaining 
the present distribution of land masses, but have invariably collapsed at 
about the first hurdle. Even Coleman (1926, p . 259), a very uncompromising 
opponent of ' drift ' in any form that he was, was obliged to admit failure in 
explaining the glacial phenomenon with permanent continents and oceans, and 
yielded, ever so reluctantly, that ' if there was such a Permo-Carboniferous 
continent in the southern hemisphere, within 46° of the Pole, many difficulties 
would be removed in accounting for the known glaciation'. The present 
authors, therefore, feel justified in submitting that for the purposes of the 
present study it is not necessary to take this possibility into serious considera-
tion. I t was, indeed, a recognition of these almost insurmountable difficulties 
that Arthur Holmes (1929, p. 340) remarked that ' t he opponents of drift 
have no way of explaining the distribution of late Carboniferous glaciation of 
Gondwanaland'. His ' late Carboniferous glaciation' is here regarded as of 
Permian age. 
This leaves the alternatives (c), {d) and (e), and all these envisage drift in 
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one form or the other. I t may, however, be admitted that, if all the southern 
continents are brought together under the drift hypothesis, the isolated ice 
caps, contemplated on the different continents, wrould more or less coalesce 
by themselves, and the possibility (d) would, automatically, merge with case 
(c), as is shown on Du Toit's (1937, Fig. 9) and Ahmad's (1961) maps. 
The two alternatives, then, that deserve serious consideration are: (i) a 
vast ice cap covering an extensive area of Gondwanaland; or (ii) a small ice 
cap, with the giant continent drifting all the time. In the first case the 
recession of the ice cap, towards the end of the glaciation, would take the 
deposition of the tillite nearer and nearer to the centre of ice radiation, so that 
the tillites near the central area would be somewhat younger than those 
along the periphery, at the acme of the glaciation. The earliest record of 
glaciation is, admittedly, in the lowest Permian in Australia as also in India, 
whilst the highest is, undoubtedly, in the Upper Permian beds of Eastern 
Australia and Tasmania, ignoring the interpretations suggested in the above 
pages. The age of the tillites in all other parts of Gondwanaland should, then, 
range between these limits. It would, certainly, be wrong to consider them 
coeval everywhere. 
It, here, appears desirable to point out that an ice cap, or the glaciers 
emanating from it, transport debris all the time. It is a continuous process 
and goes on whether the ice cap is growing or receding. But a growing ice 
cap tends to become cannibalistic when it ends on land surface, and itself 
removes the deposits formed earlier. Only the deposits left behind while the 
ice cap is receding have a chance of being preserved. On the other hand, 
when a glacier ends over a sea area, the deposits formed, both while the ice 
cap was receding and while it was growing, are likely to get preserved. Under 
the above interpretation, it is, then, possible that the basal beds in Eastern 
Australia and Tasmania were formed while the ice cap was still growing, for 
all these indicate marine environments. The outer periphery of the ellipse 
oould have been covered only at a later stage, and India, Central Africa, 
Brazil and other areas might, thus, have been affected more or less simul-
taneously. The later glacials in Eastern Australia were, on this hypothesis, 
formed almost towards the end of the refrigeration. 
In the second case, on the other hand, it is not only presumed that the 
glaciation was not of the same age everywhere, but there might not have been 
any real ice age. An ice cap, no bigger than the present Antarctic ice cap, 
could, with a drifting Gondwanaland, form glacial deposits in different areas at 
slightly different times. If, therefore, it could be demonstrated that the 
glacial beds everywhere were not coeval, there would be a strong prima facie 
case in favour of either of the above two possibilities; and if, in addition, it 
could be shown that it was not coeval, even along the peripheral zone of the 
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first case, the case for the second possibility would be considerably streng-
thened. 
Unfortunately the Permian beds lie with more or less distinct uncon-
formity over older formations in all the areas outside parts of Eastern Aus-
tralia, and perhaps Kashmir, and palaeontological evidence is nowhere strong 
enough to clinch the issue. Great stress has, as pointed out earlier, been placed 
on the commonly held view, the inspiration for which presumably came from 
the example of the Pleistocene glaciation, that records of glacial conditions 
provide the best means for correlation. While this need not be correct, a 
reappraisal of the evidence produced above is desirable at this stage. At-
tempts would, later, be made to demonstrate that anomalies of floral and 
faunal records readily fall into a pattern and really explain themselves if 
the interpretation offered here is found acceptable. 
The floral evidence.—A recapitulation of the evidence produced above 
would indicate that it is, somehow, really not correct to describe the austral 
Permian flora as Glossopteris flora, Glossopteris-Gangamopteris flora, or even as 
Gangamopteris flora. The present authors are very definitely of the opinion 
that, whatever might have been the relationship between these plant genera, 
it is only reasonable, if evidence based on the Indian and Australian occurrences 
has any validity, to describe them as two distinct Permian floras in Gond-
wanaland. Thus, the Gangamopteris flora would take its rightful place as 
the typical and distinctive flora of the lowest Permian times, while the Glossop-
teris flora would become the predominant flora of the Middle and Upper 
Permian times. There was, undoubtedly, extensive intermingling of the two 
from almost the very inception, and it certainly lasted to the very end of the 
Permian Period, but the general character and composition, and as to which 
genus at any stage played the major partner, was never in doubt. The period 
of acute rivalry and equal importance might have been fairly low in the Per-
mian ; and perhaps even well before the Middle Permian times the Glossopteris 
had definitely gained over the Gangamopteris. I t is possible that i t was the 
failure to recognize this basic reality that has resulted in the confusion of 
opinions and correlations. 
Considering the environmental and climatic conditions of the period, it 
would be noticed that in India, after the basal glaciation, the climate probably 
warmed up sufficiently to allow heavy plant growth. The thick coal seams in 
the Barakar Coal Measures, and even perhaps in the top beds of the Talchir 
Series, also signify that the sinking of the crust was very slow. In the over-
lying Barren Measures there are no workable coal seams, and most observers in 
the field believe that the sediments were deposited under considerably warm 
climatic conditions. While the absence of coal may merely signify that the 
epeirogenic conditions were ever so slightly more disturbed, the conclusion 
about the progressive amelioration of the climate need not be ruled out. 
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It is also possible that there was a slight recession in climate in the Eaniganj 
period, but the change to warmer conditions, with the approach of the dis-
tinctly warm Triassic Period, must have been, more or less, continuous. On 
the other hand, in Eastern Australia glacial conditions prevailed intermittently 
till after the middle of the Permian Period and distinct glacial beds and 
evidence of rafted glacial material exist. Gangamopteris, however, main-
tained the general pattern it appears to exhibit in India—a pattern of sudden 
dominating appearance very low in the Permian, gradual decline thereafter, 
and complete disappearance at almost exactly the end of the Permian Period. 
This could neither be fortuitous nor entirely ecological, and its significance 
should be given its due. 
It is, then, hardly necessary to point out that the undoubted rarity of 
Gangamopteris in the Gondwana beds of South America and South Africa is 
interesting. In such large continents all possible permutations and com-
binations of the ecological conditions necessary for the genus to flourish must 
certainly have been present, and its failure is, therefore, very significant. 
The earliest Gangamopteris in Eastern Australia appears about 1,200 feet 
above the base of the Permians. It may be argued that this was due to the 
sediments being predominantly of marine character in the area, but it cer-
tainly occurs about 800 feet above the base of the Talchir Tillite in India, and 
about 700 feet above the base of the overlying shales, which could have pre-
served the plant. ' Fox . . . believes that in India the . . . flora came in 
long after the ice had disappeared' (Sahni 1938a, p. 141), and this is the general 
consensus of opinion. In Brazil it may be present within the glacial beds 
(Barbosa 1952, p. 319), but in South Africa it was certainly flourishing when 
glaciation started to cover the land with ice, and it is found crushed between 
the Dwyka Tillites and the underlying granites. Du Toit uses this as an 
argument in favour of his thesis for an earlier appearance of the flora in South 
Africa, but he starts with the presumption that the tillites were coeval every-
where. On the other hand, it .is equally, if not more, probable that the flora 
appeared more or less simultaneously everywhere, but the glaciation itself 
was not contemporaneous everywhere. 
Indeed, if the admitted rarity of Gangamopteris, as pointed out above, is 
also taken into consideration, the suggestion becomes strong, perhaps inevit-
able, that the glaciation itself was, apparently, of later age in South Africa 
than, say, in India. 
Evidence based on the distribution of Glossopteris alone appears to run 
contrary to the suggestion made above. This genus in South Africa seems to 
have reached its acme in the Lower Beaufort Series and continued into the 
Molteno Sandstones. Du Toit (19296, p. 250) has made the surprising obser-
vation that this Molteno flora has distinct Jurassic affinities, and yet the 
presence of Glossopteris in this association is equally authenticated. It is, 
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thus, possible that while the persistence of cold climatic conditions in this 
area permitted the Glossopteris flora to linger on, zonal fossils, typical of the 
younger geological ages, were also trying to enter the area and have left their 
imprint. Molteno beds are, however, regarded to be of Upper Triassic age, 
)md this appears to be reasonable. Indeed, much need not be seen in this 
apparent prolificity of the Glossopteris in the Lower Beaufort Series, for G. 
retifera, a peculiar and very typical species characteristic of the Raniganj 
Coal Measures in India (though it is present in the Barakar Coal Measures also), 
which in that country does not continue into the Triassic, appears only in 
the lowest beds of the Beaufort Series (Du Toit and Haughton 1954, p. 292). 
It, nevertheless, is true that both in India and Australia Glossopteris definitely 
disappears very early in the Triassic Period; in fact, in the latter country it 
appears to have been far more rare after the Permian Period than in India. 
It is, therefore, considered likely that, like Dicroidium, the distribution of 
Glossopteris also was controlled by ecological conditions. It, presumably, 
favoured a cool, temperate climate, and co-existed with the latter genus only 
for a short while when warmer climatic conditions began to control the distri-
bution of flora. Du Toit (19296, p. 247) has pointed out that ' In South Africa 
the boundary between Palaeozoic and Mesozoic, based merely on the j>lant 
life, would undoubtedly have to be drawn at the top of the Middle Beaufort 
Stage; that is to say at between the Lower and Middle Triassic, appreciably 
later than is demanded by the standard geological table'. It, therefore, 
hardly needs to be repeated that climate suitable for the unique austral Per-
mian flora persisted longer in this area, and was responsible for this anomaly. 
Knowlton (1919, p. 501) was obviously correct when he pointed out that 
' plants inherently possess the qualities which permit them to exhibit the more 
reliable criteria as to the climatic conditions'. 
The faunal evidence.—It would be convenient to discuss separately the 
evidence based on vertebrate and invertebrate fossils. 
(A) Vertebrates.—The occurrence of the Mesosaurus in the Iraty Shales, 
as well as the Dwyka Shales, has long been emphasized, and no one has, to the 
authors' knowledge, questioned their equivalence. Caster (1952, p. 129) has 
described this as a ' true geological moment'. A point that does not seem to 
have received the attention it very well deserved is the stratigraphic position of 
these shale beds in relation to the basal tillites in the two regions. In Brazil 
there is a considerable thickness of beds, comprising the entire Guata Group, 
and even, perhaps, parts of Itarare (Table III), indicating a definite recovery 
from refrigeration when coal seams were repeatedly deposited and trans-
gressions and regressions took place, before the Iraty Shales came to be 
deposited, and the Mesosaurus appeared. It hardly seems necessary to 
emphasize that in an intra-cratonic basin the deposition of these 700 feet or so 
of beds must have taken a considerable amount of time. In South Africa, 
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on the other hand, the Mesosaurus appeared even before the glacial conditions 
had completely disappeared. This can only mean that glaciation itself ended 
somewhat earlier in Brazil than in South Africa. And if the conclusion in the 
preceding paragraph, based on floral assemblage, is added to this, it becomes 
obvious that whereas the glaciation in South America and South Africa was 
younger than the glaciation in India and the lowest Permian glaciation in 
Eastern Australia, that in South Africa was somewhat younger than its counter-
part in South America. The migration of the centre of ice accumulation and 
radiation, demonstrated by Du Toit in South Africa, also becomes significant 
now, and it is possible that this migration was also responsible for this difference 
in age of glacial beds in Brazil and South Africa. In order to maintain the 
continuity of this movement, and to reduce the time-lag between the deposits 
in the two regions, it appears desirable, if not actually necessary, to presume 
that the two continents were much closer together at the time. In other 
words, the two continents have since drifted apart. And if Africa and South 
America have been involved in 'drift', the drift of other continents hardly 
needs further evidence. 
Evidence yielded by other vertebrate fossils leads to equally interesting 
conclusions. The earliest vertebrates from Peninsular India are Qon&wa-
nosaurus bijoriensis, Brachyops laticeps and Rhinesuchus wadii. The only 
form known from Australia so far is Bothriceps major, and it is very closely 
allied to Brachyops. Although both these types appear in beds considered to 
be definitely Permian, Romer (1950), impressed by their advanced mor-
phological characters, considered them as distinctly Triassic. Du Toit (1928, 
p. 388), speaking about the South African occurrences, has opined that, 'judged 
by their contained fossil animal life, a formation would tend to appear some-
what younger than would be deduced from the study of its vegetation'. 
Romer (1950, p. 528) agrees with him substantially when he, comparing the 
'Middle' Permian therapsids of South Africa and Russia, makes the significant 
remark,' some Russian types appear to be slightly older in time of appearance 
and somewhat more primitive than those of South Africa'. The possibility, 
then, presents itself that the beds from which these therapsids are reported in 
South Africa may not be Middle Permian at all. Caster (1952, p. 141) was 
even more specific when he pointed out that , ' Despite the floral affinities with 
the underlying Permian, the Middle Beaufort reptiles are judged by verte-
brate palaeontologists as Lower Triassic'. Caster {personal communication) 
has pointed out that this view is based upon the opinion expressed by Romer, 
who is emphatic on the point. The possibility, then, presents itself that, 
maybe, the Palaeozoic-Mesozoic boundary in South Africa should be drawn 
at a somewhat lower horizon than has actually been done in the past. Rhine-
suchus, that may become the latest link in the correlation, has been known 
from the Upper Permian of East Africa, and has now been recorded from the 
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uppermost Permian beds of India. In South Africa, however, it occurs in 
the so-called Middle Permian also. Again, the suggestion is that either this 
form appeared in South Africa considerably before it did in East Africa and 
India, or else the beds placed in the Middle Permian of South Africa are 
really younger. 
If the suggestion made in the preceding paragraph is acceptable, it would 
appear that vertebrates appeared in all parts of Gondwanaland almost simulta-
neously in the uppermost Permian times, and the law of homotaxis has not 
been successfully defined. In South America and South Africa they are repre-
sented by the Ilesosaurus, while in India and Australia the types known 
have been described as Brachyops and Boihriceps, though they, too, may be 
identical. In addition, there is Rhinesuchus tying India and Africa together. 
Then, in the Lower Triassic, there was an explosive evolution of vertebrates 
all over the world, and in this the continents that constituted Gondwanaland 
were full partners. 
At a symposium on ' Discrepancies between the chronological testimony of 
fossil plants and animals', organized by the Indian Science Congress in 1938, 
the question was discussed and the general consensus of opinion is best sum-
marized in the words of Birbal Sahni (19386,,p. 161): 'The supposed discre-
pancies are in most cases due to our own mistakes.' The mistake in the 
present case appears to have been due, as has been emphasized earlier, to the 
wrong initial presumption that the basal tillites everywhere in Gondwanaland 
were coeval, and were a result of universal refrigeration. This, indeed, led 
on to a wrong evaluation of the importance of certain zonal fossils, parti-
cularly the genera Glossopteris and Gangamopteris. 
(B) Invertebrates.—Evidence from the invertebrate fossils is rather 
inconclusive so far as the intra-Gondwanaland correlations are concerned. In 
Australia a reasonably rich fauna is available from various horizons, and from 
different basins, which might have resulted in different environmental condi-
tions being fully represented. The fauna has, moreover, been carefully 
collected and studied. In India the Salt Range fauna indicates cold-water 
conditions below and warm-water conditions for the Productus Lime-
stone higher up. The two are separated by a 100-feet bed devoid of any 
fossils. In South America several faunal assemblages have been found at 
various horizons in the Brazilian and Argentinian basins. Unfortunately, 
they all seem to be in urgent need of restudy, preferably by someone who is 
familiar with the Australian and Indian faunas. There, moreover, appears to 
be some admixture of North American species in these South American faunas, 
but it may not be correct to lay any great stress on these. South Africa has, 
so far, yielded a very small collection of marine invertebrate fossils. These 
belong to the, by now, well-known Eurydesma-Conularia fauna, which is also 
known from Eastern and Western Australia, Peninsular and Extra-Peninsular 
F. AHMAD & N. AHMAD: THE AGE OF THE GONDWANA GLACIATION 49 
India, as well as Argentina. It has, already, been pointed out that this was a 
fauna typically attached to cold climatic conditions and, consequently, has no 
value for correlation purposes. If the interpretation offered above is found 
acceptable, it might be taken^for granted that this fauna followed the frigid 
conditions wherever the ice cap migrated. 
Fusulinae from the Salt Range were studied in detail by Schuchert 
(1932, p. 540) and he concluded that the age of glaciation could only be 'late 
Lower Permian' in the area. If this is acceptable, glaciation in India need no 
longer be regarded as the equivalent of the basal Australian refrigeration. 
Unfortunately, however, the fusulinae came from the Lower Productus Lime-
stone and considerable time might have elapsed between the glaciation and the 
appearance of the fauna. Schuchert has made an allowance for this in his 
estimation of the age of the glaciation, but it remains a mere conjecture. 
The only thing the marine fauna seems to have helped establish is the 
fact that the basal glacial bed in New South Wale3 was really basal Permian, 
and that in the North West Basin very low in the Permian. As against 
Schuchert's above-mentioned correlation, the latter fauna is satisfactorily 
correlated with the Umaria Marine bed in Peninsular India, thanks to the 
recent restudy of the fauna from the latter area by Thomas, and the discovery 
of Calceolispongia, a genus almost as unique as the Mesosaurus, as also of 
some other common species. The age of Talchir glaciation may also, then, be 
regarded as very low in the Permian Period. 
The stratigraphic interpretations.—Stratigraphic information, quoted in 
the earlier sections, appears to lend distinct support to the views expressed 
here. To recapitulate, it may be pointed out that in Brazil the Estrada 
Nova beds pass upwards into the Rio do Rasto beds without any break. The 
latter are distinctly Triassic, and the(age of the former could, therefore, only be 
uppermost Permian, and the Iraty Shales somewhat older. This age inter-
pretation must also hold for the White Band of South Africa, and, incidentally, 
leads to the conclusion that the Dwyka Tillite, perhaps, really was of ' upper 
Middle Permian' age—the age originally suggested by Schuchert (1928; see also 
1935). He, however, subscribed to the view that refrigeration was world-
wide, assigned this age to the glaciation in all parts of Gondwanaland, and 
invited an avalanche of criticism. The present interpretation would suggest 
that the Ecca Series represent the rest of the Estrada Nova Group, and the 
greater thickness of the former was merely due to deposition having been in an 
active eugeosyncline. Stress has already been laid on the occurrence of coal 
seams within the period of refrigeration in Brazil, and the conclusions that 
are to be drawn were suggested. Stratigraphic evidence from Argentina h, 
as has been pointed out earlier, unequivocally in favour of a Middle Permian 
age of the glaciation in that country; and there is no basis to presume that 
this was due to some unusual circumstance, restricted only to that region, and 
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not applicable elsewhere, not even to Brazil. Evidence produced above from 
Tanganyika Territory as well as Nyasaland is equally emphatic on the point 
that glaciation certainly) was not basal or even Lower Permian; and that 
from South Rhodesia appears to support the view that glaciation there, too, 
was not basal Permian in age. 
The glacial occurrences.—Anomalies in occurrences of glacial beds have 
already been referred to in fair detail. In this category belong the presence 
of a single glacial bed in the Lafonian Tillite of Falkland Islands, when areas 
much nearer the equator had several ice advances; the occurrence of several 
ice horizons in Eastern Australia in contrast to a single horizon on the west 
coast; the presence of glacial boulders in the Irwin River Coal Measures when 
East Australia had no glaciation; the suggestion that the tillites in north Congo 
and Madagascar may be older than those of South Africa, South Rhodesia 
and Nyasaland; the presence of five glacial horizons in the north as against 
two in the south of the Brazilian Gondwana Basin; and the suggestion that 
the Argentinian glacial beds may all be of about the Middle Permian age. 
Equally important is the absence of any refrigeration in the Permian succession 
of New Zealand and presumably also in the Beacon Sandstones of Antarctica. 
I t has also been emphasized that glaciers normally should not, for any 
considerable distance, move towards the Pole, for this would be defying the 
laws of physics. But, both in India and South Africa, this has, on the evidence 
available, definitely taken place, and it may be true also of Brazil. On a 
somewhat different footing is the case of the Congo Basin, where it is supposed 
that ice travelled for over 20° of latitude to reach the equator, and yet it 
did not dissipate, and instead continued for another 4° or 5° of latitude in the 
northern hemisphere. Even in Natal, the presence of thick glacial beds in the 
east, almost in the coastal area, when the.ice cap was centred out in the open 
sea, has raised the question as to where the glaciers were collecting the immense 
quantities of debris they have left behind, particularly when there is no evi-
dence of any significant regression of the sea having taken place to expose the 
narrow continental shelf (see also King 1953, pp. 2165 et seq.). 
Du Toit and Haughton (1954, pp. 327-328) point out that in South-west 
Africa ' The Dwyka glacials are the product of two separate ice bodies'. The 
lower of these was, it is concluded, formed by ' ice moving southwards from 
Windhoek Highlands'; whereas the normal thicker one was formed by ice 
' invading the region from east-north-east'. I t is, then, possible that the basal 
tillite was formed when the centre of ice radiation was moving westward through 
Central Africa in the Lower Permian times, and the glaciers emanating from 
this just touched this part of South-west Africa. The upper tillite, which is 
very similar to the Dwyka Tillite in South Africa, must, then, have been formed 
when the centre of glaciation was traversing the continent from west to east. 
The ice cap at this stage, apparently, reached up to the southern part of the 
4 B 
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Congo Basin, from where Veatch, as pointed out earlier, has recorded two 
distinct ice advances. This easily explains the significantly different character 
of the tillites in both the areas. 
TEXT-TIC. 1 
The present authors are, therefore, of the opinion that there is hardly 
any justification for regarding the basal glacial deposits in all parts of Gond-
wanaland as of ' Permo-Carboniferous' or even of Lower Permian age. They, 
" on the other hand, feel justified in believing that it is, presumably, only for the 
New South Wales glacial beds that a ' Permo-Carboniferous' age may be used. 
In India the glaciation might have been Lower Permian in age, while in South 
America it was, apparently, of about Middle Permian age. The South African 
glaciation is satisfactorily dated as slightly younger than that of Argentina 
and may be placed as ' upper Middle Permian'. The repetition of glaciation 
in Eastern Australia, the occurrence of dumped erratics in the Irwin River 
Coal Measures, the glaciation in Central Africa, presumably occurred some 
time between the Lower Permian and the Middle Permian. 
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Of the two alternative hypotheses considered earlier as capable of ex-
plaining the incidence of glaciation in the Gondwana period, it was suggested 
that, in the case of there having been one extensive ice cap, the age of thp 
glacials along the periphery, i.e. in Kashmir, Congo, Brazil, Argentina, etc., 
would have been almost the same. This was irrespective of the Gondwana-
land assembly used, and was equally true on Du Toit's, as on Ahmad's, map. 
It has, however, been demonstrated above that this, perhaps, was not the 
case, and the tillites in Brazil are, for instance, distinctly younger than their 
counterpart in Kashmir. This could have been possible only under the 
second hypothesis, i.e. that the ice cap was not very large, but that Gondwana-
land itself was at the Pole and was drifting all the time. Ahmad (1960, Fig. 2) 
has deduced the course of this drift from the Devonian to the Triassic Period, 
and the present study lends support to the views expressed therein. 
Ahmad has used an assembly of Gondwanaland by Carey (1951). Since 
Carey himself has since suggested a new assembly of the continent (1958), 
and future work may produce evidence to support this or some other assembly, 
it may be necessary to make changes in Ahmad's map—slight changes are 
called for even as a result of this study (Text-fig. 1)—but the basic idea would 
probably remain sound. The evidence to hand is in favour of Carey's 1951 
assembly, as far as the placing of the major continental blocks is concerned. 
The comparative scarcity of glacial deposits in the Northern hemisphere may, 
however, support the return to Pangaea by Carey. 
It may also be mentioned here that Carey rotates the Falkland Islands 
through an angle of 90° and this explains the apparent northward movement 
of ice in these islands. 
It appears gratifying to note that recent researches in palaeomagnetism 
(Irving, 1958; Runcorn 1956 and others) do suggest that Gondwanaland was 
probably drifting aU the time. In the present study this line of evidence 
has not been taken into consideration, yet it would be noticed that the Polar 
positions, deduced by Irving and Ahmad, in many cases, almost coincide. 
CONCLUSIONS 
The age and cause of repeated glaciations in Gondwanaland, particularly 
the more well-known Gondwana glaciation, have been the subject of discussion 
amongst the geologists of the world for over a century now. The present 
authors present here a fairly detailed study of evidence bearing on the age of 
the Permian tillites in different countries and arrive at certain conclusions 
which have a definite bearing on the possible cause of glaciation. Thus, they 
point out that Gangamopteris not only appeared some time after the glaciation 
in India and Australia, but also that at its very first appearance it was far 
more abundant, both in number of species and the number of plants, as indicated 
by the number of leaf impressions preserved, than its rival, the Glossopteris. 
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The genus, however, declined rapidly and, perhaps, even before the Middle 
Permian times it was already eclipsed by the latter. One or two Species, 
nevertheless, continued till the end of the Permian Period, but Glossopteris 
definitely lasted into the Mesozoic, and is found in the "Upper Triassic beds, 
as a 'hold over' in South Africa. The authors, therefore, insist that the 
Permian Period witnessed two floras, a Gangamopteris flora very low in the 
Permian Period, and a Glossopteris flora, characteristic of the Middle and 
Upper Permian. 
This pattern of floral life does not hold for South America and South 
Africa, where Glossopteris appears to have been the predominant genus from 
the lowest Gondwana sediments known. The authors, therefore, draw the 
natural conclusion that, perhaps, glaciation in these regions appeared later, 
and the lowest Permian Period is not represented in the successions studied, 
unless the Lower Dwyka Shales, till recently included in the Karroo System. 
are reincluded and treated as such (Adie 1952a, p. 405). 
Considerable supporting evidence is available from vertebrate remains 
whose prolificity in the so-called Permian beds of South Africa, in contrast to 
their rarity in the rest of the world, had remained an unsolved problem for 
decades. If, as is suggested in the preceding pages, it be presumed that a 
fundamental mistake had been committed in correlations of the intra-
Gondwana beds, this anomaly appears to be very satisfactorily solved. The 
present authors suggest that the cause of most of these mistaken correlations 
has been the early idea of Schuchert and others that records of climatic changes, 
which could not but be universal, provide the best means of correlations. 
The authors, thus, point out that the vertebrates in all parts of Gondwaaa-
land appeared towards the end of the Permian Period. Correlation links are 
provided by Bothriceps-Brachyops in Australia and India, Rhinesuchus in 
India and Africa, and Mesosaurus in South Africa and South America. 
This changed interpretation of the age of the Karroo System also provides 
the explanation for yet another anomaly, that the South African vertebrates, 
from the so-called Middle Permian, appear to have Triassic affinities, for the 
beds from which these have been recovered either belong to the topmost 
beds of the Permian, or are actually of Triassic age. It would, thus, appear 
that the close of the Permian may correspond with the end of the Upper 
Coal Measures in New South Wales, the Raniganj Coal Measures in Peninsular 
India, the Serra Alta Formation of Oliviera et al. (Lower Estrada Nova of 
Oppenheim) in Brazil and the Ecca Series in the Union of South Africa. 
It is believed that the Collie Basin tillite is younger than the basal 
tillites in the Irwin River and other Western Australian basins, and may 
correspond to the Irwin River Coal Measures horizon. The overlying coal-
bearing beds in the Collie Basin would, then, be just slightly younger than the 
Irwin River Coal Measures, and not its exact equivalent. It is also surmised 
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that there is no justification for treating any element of the Gangamopteris or 
Olossopteris flora as older than Permian, and that there is definite evidence to 
support the contention that the Dwykas are younger than the Itarare, and 
the glaciation in Argentina occurred in the Middle Permian times, and might 
itself have been younger than the Itarare. 
Estheria and Leaia are two freshwater forms known. The former is 
known from the Panchet Series (Triassic) in India, the topmost beds of the 
Upper Coal Measures in Eastern Australia, the top of the Passa Dois Series in 
Brazil, and the Lower Beaufort Series in South Africa. Leaia is not known so 
far from India, but occurs with Estheria in Africa and Australia and pre-
sumably somewhat earlier in South America. The boundary between the 
Permian and Triassic beds should, then, be so placed as not to leave them 
very far above or below the line of division. 
It is believed that the Eurydesma-Conularia fauna, to which groat im-
portance has been attached in the past, need not necessarily own the signi-
ficance bestowed upon it. The present authors agree with Schuchert that it 
was a typically cold-water fauna, and hence they believe that it must have 
been migrating with the migration of the climatic conditions conducive to its 
life cycle. 
The interpretation of age, as suggested above, appears to be in full accord 
and to fair in a perfect pattern with a drifting Gondwanaland, as suggested 
earlier by the senior author. It is, thus, concluded that there was no Permian 
Ice Age in Gondwanaland. The continent, before it split up into a number of, 
by now far-flung, pieces, was, presumably, itself located at the South Pole and 
was drifting all the time. Different areas came under the influence of the 
Polar climatic conditions at different times and, if the epeirogenic conditions 
were favourable, the tillites that were formed have been preserved. The basal 
glacials in Eastern Australia are, thus, placed in the lowest Permian Period, 
followed successively by those of the northern basins of Western Australia, 
India, parts of Congo Basin, higher horizons in Eastern Australia, Collie 
Basin, ? Madagascar, basal beds in South-west Africa, Brazil, Argentina, and 
finally South Africa, Falkland Islands, Tanganyika Territory and Nyasaland. 
It is possible that the topmost horizon in Tasmania came at even a later date. 
Seward (1938, p. 322) borrowed Du Toit's statement to emphasize that 
' In its attitude towards climatic anomalies revealed by fossil records " Ortho-
doxy is indeed endeavouring to defend a wholly untenable position "; this in 
the reviewer's opinion is true.' 
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GLACIATION IN THE VINDHYAN SYSTEM* 
THE author, accompanied by Mr. G. C. Taylor 
(of the U.S.G.S. now with the G.S.I.) and 
Dr. B. P. Tewari (Director of Industries, V.P., 
formerly of the G.S.I.), discovered a distinct 
tillite below the Pandava Falls, about 7 miles 
from Panna, on the Chattarpur Road. It con-
tains large erratics in a fine matrix, and there 
is no evidence of sorting or bedding. 
It is, however, overlain by a conglo-
merate which passes upwards into what are 
considered to be varvites. Mallet4 has mapped 
the area as belonging to the Kaimur Series, 
and this is apparently correct. There can be 
no doubt that the tillite belongs to the Vindhyan 
System. 
The Shahidan Mines were also examined and 
it was felt that the thinly-bedded shales could 
be varvites. The intricate local folding 
was, perhaps, induced by moving ice 
during an extension of glaciation. This con-
cept envisages a tillite younger than the shales, 
and it is, perhaps, significant that Sinor* de-
scribed an overlying conglomerate which could 
be of glacial origin. 
These discoveries open two possibilities, 
firstly, that the Gangau tillite, originally re-
ported by Dubey and Chowdhury3 as of basal 
Vindhyan, but later described separately 
by Chowdhury2 and Mathur3 as Bijawar, may 
yet be of Vindhyan age. The presence in it of 
jasper pebbles, and the occurrence of passage 
beds above them, as reported by Ahmad and 
Narain1 recently, is hardly reconcilable with 
Bijawar age. And secondly that the Hindoun, 
Karauli and other breccias reported from the 
Vindhyan System by earlier workers' may all 
have a glacial origin. The confusion about 
their origin is, thus, likely to be resolved. 
This envisages persistent and repeated gla-
ciation in the Cambrian of Central India. 
Geol. Survey of India, F. AHMAD. 
Calcutta-13, November 15, 1954. 
* Published with the kind permission of the Director, 
Geol. Survey of India. 
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